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PEEFACE. 


Although  the  modem  railway  system  is  but  about  fifty 
years  old,  yet  its  growth  has  been  so  rapid,  and  the  progress 
in  the  science  of  railway  construction  so  great,  as  to  render  tlie 
earlier  technical  books  on  this  subject  inadequate  to  the  needs 
of  the  engineer  of  to-day. 

In  the  course  of  his  practical  experience  as  a  railway  engi- 
neer, the  author  was  strongly  impressed  with  the  want  of  a 
more  complete  hand-book  for  field  use,  and  finally  concluded, 
at  the  solicitation  of  his  friends,  to  undertake  the  preparation 
of  the  present  volume. 

The  aim  in  this  work  has  been : 

Firtit — To  present  the  general  subject  of  railway  field  work 
in  a  progressive  and  logical  order,  for  the  benefit  of  beginners. 

8e€(md — To  classify  the  various  problems  presented,  so  that 
they  may  be  readily  referred  to. 

I%ird — To  embrace  discussions  of  all  the  more  important 
practical  questions  while  avoiding  matters  non-essential. 

Fourth — To  employ  throughout  the  work  a  uniform  and 
systematic  notation,  easily  understood  and  remembered,  so 
that  after  one  perusal  the  formulae  may  be  intelligible  at  a 
glance  wherever  referred  to. 

Fifth — ^To  express  the  resulting  formula  of  everv  problem 
in  the  shape  best  adapted  to  convenient  numerical  compu- 
tation. 

Sixth — To  furnish  a  large  variety  of  useful  tables,  more  com- 
plete and  extended  than  any  heretofore  published,  especially 
adapted  to  the  wants  of  the  field  engineer. 

An  elementary  knowledge  of  algebra,  geometry  and  trigono- 
'  'etry  on  the  part  of  the  reader  has  been  taken  for  granted,  as 

conunand  of  these  instrumentalities  is  deemed  essential  ' 
jxe  education  of  the  civil  engineer.    TYie  i^v^  t^1^x«w» 
JbecJianlcs,  analytical  geometry,  optics  anOi  Wift  c«3tfixi\»5 
Ae   assumed   correct    by  those    not  coixNet^MA   ^VSi 
foranches. 


■any  of  the  prolikmB  in  curves  are  new,  yet  there  ii 
k  that  hB£  uot  preseuled  itself  to  the  author  id 
■  practice.  The  iuveatigQiioii  of  the  valvoid  curve  is  original, 
i  though  the  mathematical  discoBHion  is  somewhat  difflciilt, 
I  the  resulting  rornmltc,  tnken  in  cuunection  with  Table  X, 
B  exceedingly  simple  and  cunvcuient  for  the  solution  of  a 
certain  class  of  problems. 

The  treatment  of  compound  curves  Is  novel  and  exhaustive. 
A  few  general  equations  are  cstaMlshed,  which,  bj  sliglit 
aiodificatiouB,  solve  all  the  problems  that  can  occiu'. 

No  discussion  of  reversed  curves  is  given,  because  these  k 
inconsiBl^nt  with  good  practice,  except  in  turnouts,  undi 
which  head  they  are  noticed. 

The  chapter  on  levelling  includes  a  discussion  oF  stadid 
meaaurempnta,  with  practical  formulpj.  The  chapter  on  earllra 
work  Gontaina  a  review  of  several  method's  lor  calculating 
quantities,  and  states  the  conditions  under  which  these  8' 

tor  fail  in  giving  correct  results, 
nong  the  tables,  numbers  3,  5,  G,  10,  18,  19,  26  and  2& 
original.  Tlie  adoption  of  versed  sines  and  external 
its  throughout  the  work,  wherever  these  would  simplify 
the  formula?,  rendered  necessary  the  preparation  of  tables  of 
these  funclions.  The  tabic  of  logaritlimic  versed  h 
exlemal  secants  has  been  computed  from  ten-place  logarithmio 
tables  of  sines  and  !angeril«,  so  that  the  last  decimal  is  to  t» 
relied  on,  and  no  pains  have  been  spared  to  make  t!ic  table 
thorouglily  accurate. 

Tables  numbers  4,  7,  8,  9,  11,  12,  13,  14  and  BO  have  beetk 
recalculated,  enlarged,  and  some  of  them  curried  to  more  decl 
mal  places  than  similar  tallies  heretofore  published, 
intention  has  liei'n  to  give  one  more  decimal  than  usual,  s.  --^^ 
in  any  combination  of  figures  the  result  of  calculation  mlghl 
he  reliable  to  the  last  figure  usually  required. 

The  tables  which  have  been  compiled  and  rearranged  a 
numlicrs  1,  S,  15,  16,  17,  24.  25  and  81.  The  tables  of  log; 
sines  and  tangents  here  given  are  the  only  six-place  t'ln^ " 
which  ^ve  the  differences  correctly  for  seconds.  "  C4  »' 
of  logarilhrns  of  numbers  is  accompanied  by  a  con,  I  yt**. 
of  pmportianal  parts,  whicli  greally  Iac\\i\,o\ca  VsA  .  nip 
for  the  nrtb  and  sixth  flares.  "* 

"0  the  tables,  whether  new  or  oW,  ae'cnijvAo^-'^ 
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been  taken  to  make  the  last  figure  correct,  and  the  greatest 
diligence  has  been  exercised  by  various  checks  and  compari- 
!  sous  to  eliminate  every  error.  It  is,  therefore,  hoped  and 
!  believed  that  a  very  high  degree  of  accuracy  has  been  ob- 
tained, and  that  these  tables  will  be  foimd  to  stand  second  to 
none  in  this  respect. 

The  preparation  of  this  work  has  extended  over  several 
years,  as  time  could  be  spared  to  it  from  other  engagements. 
I  It  is,  therefore,  the  expression  of  deliberate  thought,  based  on 
I  experience,  and  as  such  is  submitted  to  the  judgment  of 
j  brother  engineers.  If  it  shall  prove  to  have  even  partially 
met  the  aim  herein  announced,  and  so  shall  serve  to  smooth 
!  the  way  of  the  ambitious  student,  or  to  assist  the  expert  in  his 
I  responsible  duties,  the  labors  of  the  author  will  not  have  been 
I    in  vain.  Wm.  H.  Seables,  C.E. 

■        New  York,  March  1st,  1880. 
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CHAPTER  I. 

Reconnoissance. 

1.  The  engineering  operations  requisite  to  and  preceding  the 
construction  of  a  railroad  are  in  general: 
The  Reconnoissance, 
The  Preliminaby  Subvey,  and 
The  Location. 

2.  TTie  Reconnoissance  is  a  general  and  somewhat  hasty 
examination  of  the  country  through  which  the  proposed  road 
is  to  pass,  for  the  purpose  of  noting  its  more  prominent 
features,  and  acquiring  a  general  knowledge  of  its  topography 
with  reference  to  the  selection  of  a  suitable  route.  The 
judicious  selection  of  a  route  may  be  a  very  simple  or  com- 
plex problem,  depending  on  the  character  of  the  topography, 
and  more  especially  on  the  direction  of  the  streams  and  ridges 
as  compared  with  the  general  direction  of  the  proposed  road. 

3.  A  road  running,  along  a  water-course  is  most  easily 
located.  In  this  case  the  choice  is  to  be  made  merely  between 
the  two  banks  of  the  stream,  or  between  keeping  one  bank 
continuously  and  making  occasional  crossings.  When  the 
stream  is  small  it  will  usually  be  found  best  to  cross  it  at 
intervals,  the  advantage  of  direct  alignement  outweighing  the 
cost  of  bridging;  but  when  the  stream  is  of  considerable  size 
the  solution  of  the  problem  is  not  so  obvious,  requiring  patient 
comparison  of  results  in  the  two  cases  to  determine  whether  to 
cross  or  not,  while  in  the  case  of  the  larger  rivers  crossing 
may  be  out  of  the  question. 

When  there  is  a  choice  of  sides,  both  banks  should   be 

traversed  by  the  engineer  on  reconnoissance,  and  while  exam- 

'^'*  ining3tail  the  one  side  he  should  take  a  general  and  com- 

preh^  vie  w  of  the  other.    Only  thu  s  can  he  gain.  a.  co\EL\^\ft.\A 

tnoi^  of  either  Bide,     The  points  to  \)e  cowsvi^ex^^^x^  'Ofta 

relaiilue  of  the  property  oa  either  side,  \\ie  liMxe^^iX  ^\^^ 
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of  tributary  streams,  and  prohnble  cost  of  crossing  theil 
coat  of  graduation  sb  affected  by  Ibe  amount  and  cliaracl 
the  maleriul  to  be  rciiiovcd,  and  the  liability  to  land  slida 
amount  and  degree  of  curviilure  required,  and  the  pn\ 
revenues  which  tlie  road  can  command      If,  in  re»p6Ct 
points,  one  bank  of  the  Elream  gives  the  more  faTorat 
It  all  the  way,  the  question  is  decided  at  o 
the  greater  inducements  are  found  on  either  bank  oltt 
ily,   as  QBUHlly  happens,   tiie  propriety  of   bridging   I 
with  the  costs  and  advantages,  must  Ije  eonaidered 
additional  element  in  tlie  problem. 
.  When  no  -watEr-course  offers  along  which  the  road  n 
iiCHted,  the  diSicultiea  of  selecting  a  route  are  increasi 
tliesc  usually  beoome  greatest  when  the  streams  are  fou 
to  run  about  at  right  angles  to  the  direction  of  the  road.    "V 
leys  and  ridges  nre  lo  bo  crossed  alternately,  involving  t 
iiccoasity  of  nscending  and  descending  grades,  diverting  t 
road  from  a  straight  line,  and  Increasing  the  distance  and  ci 
TRturc.     The  engineer  must  now  seek  the  lowest  points  on  t 
ridges,  and  tlie  highest  lianics  at  tlie  stream  eroasings,  in  on 
to  reduce  as  much  as  possible  the  total  rise  and  fall,  but  tl 
9  so  chosen  relatively  to  each  other  ai 
Iheir  being  connected  by  a  grade  not  exceeding  then; 
which  may  be   allowable.      The  intervening  ( 
between  summit  and  stream  must  usually  be  carofuTly  e 
ined,  even  on  reconnoissancc,  to  dolflrmino  where  the  hbbu 
grade  will  find  sustaining  ground  at  a  reasonable  expeoae : 
graduation  and  right  of  way. 

In  selecting  stream  crossinga.  regard  should  be  bad  notol 

to  the  height  of  the  bank,  but  also  lo  the  chnrncl^r  of  the  iJ 

torn,  its  suitability  for  foundatio~ii,  and  its  liability  to 

washed  by  the  current.     The  direction  and  force  of  the  o 

Lr^it  should  bo  observed,  and  its  behavior  during  freBhets,  i 

I  tbe  extremes  of  high  and  low  WBler  a.wertained,  if  p 

'  An  approximate  estimate  of  the  cost  of  bridging  nmxJasjgwl 

5i  The  engineer  sliould  not  only  seek  the  best  gi  on  the 

route  first  assumed,  but  should  have  an  eye  to  allr  poesl- 

ZiJa  routes,  holding  them  in  conaidcYalioii  pendiia  ecca- 

mulatioa  of  trvideace,  and  being  ready,  &Dnl\f,Vf((.<SiiBfc 

'""  "^^I'cJi  promises  tbc  greatest  ultimate  ccononvT  -AiaNSfi. 

'  "*'*  'o  read  the  face  of  tlie  country  \\V.e  a  oMV 


to: 
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carry  in  his  mind  a  continuous  idea  or  image  of  any  line  he  is  ex- 
aniiaiug,  so  as  to  judge  with  tolerable  accuracy  of  the  influence 
any  one  portion  of  the  line  may  have  on  another  as  to  align- 
ment and  grade,  even  though  many  miles  apart.  In  the  success- 
ful prosecution  of  a  reconnoissance  he  must  depend  mainly  on 
his  own  natural  tact  and  a  judgment  matured  by  experience. 

6.  The  engineer  will  bring  to  his  aid  in  the  first  place  the 
most  reliable  maps,  and  those  drawn  on  the  largest  scale.  The 
sectional  maps  of  United  States  surveys  will  be  found  very 
useful  when  they  exist.  In  addition  to  these  it  is  often  desira- 
ble to  prepare  a  map  on  a  scale  of  one  or  two  inches  to  a  mile, 
on  which  will  be  drawn  the  principal  features  of  the  country 
to  be  traversed,  such  as  streams,  roads,  towns,  and  the  princi- 
pal ridges,  if  known,  but  leaving  the  further  details  to  be  filled 
in  by  the  engineer  as  he  progresses.  Such  a  map  furnishes  a  cor- 
rect scale  for  his  sketches,  and  saves  much  valuable  time,  as  he 
has  only  to  sketch  what  the  map  does  not  contain,  and  occa- 
sionally to  make  corrections  when  he  finds  the  map  to  be  in 
error.  He  also  notes  on  the  map  the  governing  points  of  the 
route,  such  as  the  best  crossings  of  streams,  ridges,  or  other 
roads,  and  any  point  where  the  line  will  evidently  be  com- 
pelled to  pass.  He  may  then  indicate  the  route  by  a  dotted 
line  on  the  map  drawn  through  the  governing  points.  Having 
traversed  the  route  in  one  direction  he  should  retrace  his  steps, 
verifying  or  correcting  his  observations,  and  making  such 
further  notes  as  seem  important.  When  in  a  densely  wooded 
country,  with  but  few  openings,  it  may  be  impossible  for  him 
to  get  a  commanding  view  from  any  point  that  will  afford  him 
the  necessary  information  as  to  the  general  topography.  He 
must  then  depend  largely  upon  instrumental  observations, 
taking  these  more  frequently,  and  noting  carefully  all  details 
likely  to  prove  useful  in  future  surveys. 

7.  The  instruments  required  on  an  extended  recon- 
noissance are  the  barometer  and  thermometer,  the  hand  or 
Locke  level,  a  pocket  or  prismatic  compass,  and  a  telescope  or 
strong  field-glass.  To  these  may  be  added  a  telemeter  for 
measuring  distances  at  sight,  but  when  good  maps  are  t<)  \^^ 
had  this  instrument  ia  seldom  needed.  So  also  soxcie  ^at\»>A^ 
astronomical  iDstniments  are  necessary  in  a  ne-w  cownVx^ ,  iox 

determining  latitude  and  longitude,  but  would  onY^  ^i^  «^  ^^"^ 
less  incumbrance  in  a  settled  district. 
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8.  The  mercurial  barometer  has  generally  been  relied  upon 
for  the  determination  of  heights,  but  owing  to  its  inconvenient 
dimensions  and  the  danger  of  breaking,  it  is  now  discarded  by 
railroad  engineers  in  favor  of  the  more  portable  aneroid 
barometer,  except  in  the  case  of  trans-continental  surveys, 
and  when  astronomical  instruments  are  to  be  used  also. 

9.  The  best  aneroids  are  designed  to  be  self  compen- 
sating for  temperature,  so  that  with  a  constant  atmospheric 
pressure  the  reading  shall  be  the  same  at  all  temperatures  of  the 
instrument.  This,  however,  being  a  very  delicate  adjustment, 
is  not  always  successfully  made,  so  that  each  instrument  is  lia- 
ble to  have  a  small  error  due  to  temperature  peculiar  to  itself. 
This  error  will  be  found  rarely  to  exceed  one  hundredth  of  an 
inch,  plv^  or  minus,  per  change  of  ten  degrees  Fah.,  and  is 
frequently  much  less  than  this.  Just  what  the  error  is  in  a 
particular  ^instrument  may  be  determined  by  careful  compari- 
son with  a  standard  mercurial  barometer  at  the  extremes  of 
temperature,  assuming  the  error  found  as  proportional  to  the 
difference  of  temperature  for  all  intermediate  degrees  of  heat. 
The  error  having  been  determined  for  any  aneroid,  it  should 
be  applied,  with  its  proper  sign,  to  every  reading  to  obtain 
the  true  reading. 

The  sizes  generally  used  are  If  and  ^  inches  in  diameter, 
respectively,  and  experience  seems  to  prove  that  there  is  no 
advantage  in  using  larger  sizes,  but  rather  the  contrary. 

10.  The  ordinary  barometric  formulae  and  tables  have  been 
prepared  with  reference  to  the  mercurial  barometer.  In  order 
that  they  may  apply  to  the  aneroid,  it  is  necessary  that  the 
latter  should  be  adjusted  to  read  inches  of  mercury  identically 
with  the  mercurial  column  at  the  sea  level  at  a  temperature  of 
32°  Fah.  But  as  the  aneroid,  unlike  the  mercurial  column, 
requires  no  correction  for  latitude,  nor  for  the  variation  in  the 
force  of  gravity  due  to  elevation,  that  portion  of  the  formula 
which  provides  for  such  corrections,  as  well  as  that  which 
provides  for  a  correction  due  to  the  temperature  of  the 
instrument  itself,  may  be  omitted  when  using  an  aneroid. 
THus  the  general  formula  is  very  much  simplified,  and  be- 
comes ' 

.=  lo4  603848  (l+i+4=«£) 
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in  which  h,  and  /*'  are  the  readings  of  the  aneroid  in  inches, 
and  t,  and  t  the  readings  of  a  Fahrenheit  thermometer  at  the 
Jower  and  upper  of  any  two  stations  respectively,  and  z  is  the 
difference  in  elevation  in  English  feet  of  those  stations. 

To  facilitate  the  calculation  of  heights  by  this  formula,  we 
may  write 

Log  |i  60384.3  =  [log  h,  -  log  A']  603843 

and  since  only  the  difference  of  the  logs,  is  required,  this  will 
not  be  affected,  if  we  subtract  unity  from  each.  The  quan- 
tities in  Table  XV.  ai-e  prepared,  therefore,  by  the  formula 

(log  h  -  1)  60384.3 

for  every  yj^ths  of  an  inch  from  19  inches  to  31  inches. 

Table  XVI.  contains  values  of  '  qoo ^^^  every  de- 
gree of  {t,  +  t')  from  20**  to  200°  Fah. 

1 1#  To  find  tJie  difference  in  elevation  of  any  two  statuma  by 
the  tables : 

Take  the  difference  of  the  quantities  corresponding  to  h,  and 
h'  in  Table  XV.  as  an  approximation,  and  for  a  correction 
multiply  this  difference  by  the  coeflScient  corresponding  to 
(t,-{-t)y  in  Table  XVI.,  adding  or  subtracting  the  product 
according  to  the  sign  of  the  coefficient. 

Example, — 

Lower  Sta.  Upper  Sta. 

Aneroid                     h,  =  29^93  h'  =  23'!*57 

Thermometer            t,  =  77°.6  t  =  70°.4 

By  Table  XV.  for  29.92  we  have  28741 

for  23.57  22485 


Difference  6256 
By  Table  XVI.  for  77.6  +  70.4  =  148  we  have  +  .0933 
Then  6256  X  .0933  =  583.6848 

and  6256  +     584  =  6840  ft.  =  z.—Aiis. 

12*  Certain  precautions  are  to  be  observed  in  the  use  of  the 
aneroid.    When  the   index  has  been   adjusted  to  a  correct 
reading  by  means  of  the  screw  at  its  back,  \\.  ^«vCA  \Jk!kA»  \*^ 
meddled  with  UDtil  it  can  again  be  compaxe^  -mX^a.  %.  ^Xs.^^'ss^^ 
nercunal  barometer,  and  even  then  aome  eugixi^et^Vt^^^^^ 
Ike  note  of  its  error,  if  any,  ratliex  thaw  d\aX.\w>a  NX^fc  ^astO 
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Qce   the    principle   of    compensation   siippcraes  11 

^emiil  to  liiive  n  unifortn  tcmpt-mturti  throughout  its  pai1s,4 

t  be  guarded  ogiunat  suddtn  chaugea,   as  otherwise  tl 

ase  will  he  considunthly  heated  or  cooled  before  ti 

n  nSeut  the  iuoer  clminher.  thus  inducing  very  ta 

IS  results.    The  aneroid,  therefore,  should  sclddiT 

n  its  leather  case,  aur  uxpoeed  lo  any  radiant  heat  of  81 

ir  worn  so  near  the  person  aa  to  iiicreas 
«  above  that  of  the  surrounding  atmosphere.     If  n 
t  an  atmosphere  of  decidedly  different  temperature,  1 
jtauat  bo  allowed  for  Ijie  aneroid  to  be  thoroughly  pern 
'y  the  new  degree  of  heat.     The  aneroid  should  be  held  w 
e  face  horiziiDtal  while  being  read;  it  should  be  handled  a 
'  fully,  uod  all  concussions  avoided,  and  it  should  be  ci 
with,  a  standard  aa  often  as  practicable  to  make  sur 
has  suffered  no  derangement.     Oliserving  theae  precautic 

aud  having  a  really  good  ooeroid,  the  enginetT  should  obti  

excellent  reaulta  hi  the  estimation  of  heights.     It  lias  been! 
found  tliat  the  slight  error  in  compensation,  previously  alluded 
to,  is  subject  to  a  change  during  the  first  year  or  two  after  the 
It  is  made,   hut  suhsequently  it  becomes  quite  per- 

f  13.  Forthepurposeof  obtaining  approsimateelevalionaby 

■  simple  inspection  of  the  dial,  the  modem  aneroid  is  provided 

I  secondary  scale  reading  hundreds  of  feet,   which  is 

^aced  outside  the  scale  of  Inches.     It  is  divided  according  to 

e  foUowing  formula  prepared  by  Prof.  Airy: 


h,  +  A' 


(i  +  t 


4-  f  -  ioo°\ 

1000         ' 


»  which  it  ig  evident  that  no  correction  for  temperature  is 
squired  when  the  ncerage,  lemperalure  of  the  two  stiitiona  is 
When  the  two  scales  are  engraved  on  the  same  plate  the 
o  of  the  scale  of  feet  is  coincident  with  81  on  the  seftle  of 
inebes;  but  in  some  aneroids  the  scales  are  on  two  concentric 
pUloa,  so  that  the  zero  of  one  may  he  made  to  coincide  wU^ 
any  division  of  Ihe  othsr,  which  is  in  some  respects  i 

t^JTB. 

14.  The  theory  of  the  Imrometer,  as  exptcasci  m 
foFraiilie,  assnmes  the  atmosphere  lo  be  al  ireaV,  ami  ^^a  ii 
ure  affected  only  by  temperature,  wUereas,  in  ^a**.  ^i>«j| 
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sure  at  any  point  is  liable  to  sudden  changes  due  to  variations 
in  the  force  of  the  wind,  the  amount  of  humidity,  etc.  The 
best  way  to  eliminate  errors  due  to  these  causes  is  to  take  read- 
ings simultaneously  at  the  points  the  elevations  of  which  are 
to  be  compared.  For  this  purpose  an  assistant  should  be 
stationed  at  some  point  of  known  elevation  contiguous  to  the 
route  to  be  surveyed,  and  provided  with  an  aneroid  similar  to 
that  carried  by  the  engineer.  The  aneroids,  time-pieces,  and 
thermometers  having  been  compared  at  this  point,  the  assist- 
ant should  record  the  readings  every  ten  minutes,  with  the 
time,  temperature,  and  state  of  the  weather.  The  engineer 
will  thus  have  a  standard  with  which  to  compare  his  own 
observations.  If  the  survey  is  so  extended  that  the  same  con- 
ditions of  atmosphere  are  not  likely  to  be  experienced  by  the 
two  observers,  the  assistant  should  be  instructed  to  move  for- 
ward to  a  new  station  at  a  designated  time ;  or  two  assistants 
may  be  employed,  one  at  each  of  two  stations  between  which 
the  engineer  intends  to  make  a  reconnoissance.  Even  with 
these  precautions  no  attempt  should  be  made  to  obtain  the  ele- 
vation of  important  points  during,  or  just  before,  or  after  a 
storm  of  wind  or  rain. 

15.  When  but  one  aneroid  is  used  the  observations  at  the 
several  stations  should  be  taken  as  nearly  together  as  possible 
in  point  of  time,  and  then  repeated  in  inverse  order,  taking 
the  mean  of  the  observations  at  each  station,  and  repeating  the 
whole  operation  if  necessary.  Only  approximate  results  can 
be  hoped  for,  however,  with  a  single  instrument,  unless  the 
atmospheric  conditions  are  very  favorable. 

16.  The  Locke  Level  is  an  instrument  in  which  the 
bubble  and  the  observed  object  may  be  seen  at  tlie  same  instant, 
enabling  the  operator  to  keep  the  instrument  horizontal,  while 
holding  it  in  the  hand,  like  an  ordinary  spy-glass.  While 
very  portable,  it  enables  the  observer  to  define  rapidly  all  visi- 
ble points  of  the  same  elevation  as  his  own,  and  to  estimate 
from  these  the  relative  heights  of  other  points.  It  may  be 
made  useful  in  a  variety  of  ways  which  easily  suggest  them- 
selves to  the  engineer  in  cases  where  no  great  precision  is 
required,  and  where  a  more  elaborate  level  is  not  at  hand. 

17.  The  Prismatic  Compass  is  a  portable  instrument 
with  folding  sights,  in  using  which  the  \)eat\\i^  \.o  «:cv  <^\<i^\ 
majr  be  read  at  the  same  instant  that  l\ic  ob^^cX  \^  oXvsfcY^^^ 
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The  bearings  are  read  upon  a  floating  card,  graduated  and 
numbered  from  zero  to  360°,  so  that  no  error  can  be  made  in 
substituting  one  quadrant  for  another.  The  instrument  may  be 
held  freely  in  the  hand  during  an  observation,  though  better 
results  are  obtained  by  giving  it  a  firm  rest. 


CHAPTER  II. 
Preliminary  Survey. 

18#  A  preliminary  survey  consists  in  an  instrumental  exam- 
ination of  the  country  along  the  proposed  route,  for  the 
purpose  of  obtaining  such  details  of  distances,  elevations, 
topography,  etc.,  as  may  be  necessary  to  prepare  a  map  and 
profile  of  the  route,  make  an  approximate  estimate  of  the  cost 
of  constructing  the  road,  and  furnish  the  data  from  which  to 
definitely  locate  the  line  should  the  route  be  adopted.  The 
survey  is  more  or  less  elaborate,  according  to  circumstances. 
In  case  the  country  is  new,  or  the  reconnoissance  has  been 
incomplete,  or  if  several  routes  seem  to  offer  almost  equal 
inducements,  the  survey  will  partake  somewhat  of  the  nature 
of  a  reconnoissance,  and  will  be  made  more  hastily  than  if  but 
one  route  is  to  be  examined,  and  that,  perhaps,  presenting 
serious  engineering  difficulties.  The  survey  is  made  as  expe- 
ditiously as  possible,  consistent  with  general  accuracy,  but 
should  not  usually  be  delayed  for  the  sake  of  precision  in 
matters  of  minor  detail. 

10.  For  preliminary  survey  the  Corps  of  engineers  is 
organized  as  follows : 

A  chief  engineer,  an  assistant  engineer,  two  chainmen,  one 
or  two  axemen,  a  stakeman,  and  a  topographer,  these  forming 
the  compass  (or  transit)  party,  to  which  a  flagman  is  some- 
times added;  a  leveller  and  one  or  two  rodmen,  forming  the 
level  party;  and  to  these  is  sometimes  added  a  cross-level  party 
of  two  or  three  assistant  rodmen. 

20.  The  chief  engineer  takes  command  of  the  corps, 
and  directs  the  survey.  He  ascertains  or  estimates  the  value 
of  the  lands  pa§ged  over,  the  owners'  names,  and  the  boundary 
lines  crossed  hy  the  line  of  survey.    He  examvuea  «tW.  s\.Te«cQ&, 
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and  estimates  the  size  and  character  of  the  culverts  and 
bridges  which  they  will  require;  he  notices  existing  bridges, 
and  inquires  concerning  their  liability  to  be  earned  away  by 
freshet;  he  selects  suitable  sites  for  bridges,  examines  the 
character  of  the  foundations,  the  direction  of  the  current  rela- 
tively to  that  of  the  line,  and  considers  any  probable  change 
in  the  direction  of  the  current  during  freshets;  he  inspects  the 
various  soils,  rocks,  and  kinds  of  timber  as  they  are  met  with, 
and  takes  full  notes  of  all  these  and  kindred  items  in  his  field 
book.  He  not  unf  requently  assumes  in  addition  the  duties  of 
topographer.  He  should  run  his  line  as  nearly  as  may  be  over 
the  ground  likely  to  be  chosen  for  location,  so  that  the  infor- 
mation obtained  may  be  pertinent,  and  so  that  the  length  of 
the  line,  the  shape  of  the  profile,  and  the  estimate  based  on 
the  survey  may  approximate  to  those  of  the  proposed  location. 
To  this  end  he  has  due  regard  to  the  levels  taken,  and  when 
they  show  that  the  line  as  run  fails  to  be  consistent  with 
allowable  grades,  he  either  orders  the  corps  back  to  some 
proper  point  to  begin  a  new  line,  or  makes  an  offset  at  once 
to  a  better  position,  or  continues  the  same  line  with  some 
deflection,  simply  noting  the  position  and  probable  elevation 
of  better  ground,  as  in  his  judgment  he  thinks  best.  He 
should  at  all  times  maintain  a  friendly  attitude  toward  pro- 
prietors, and  by  his  polite  bearing  endeavor  to  secure  their 
cordial  support  of  the  new  enterprise.  If  he  is  tolerably  cer- 
tain that  the  location  will  follow  nearly  the  line  of  the  prelim- 
inary survey,  he  should  have  with  him  some  blank  deeds  of 
right  of  way,  and  let  these  be  signed  by  land-owners  while 
they  are  favor^ly  disposed.  When  this  cannot  be  done,  a 
blank  form  of  agreement  to  allow  the  surveys  and  construc- 
tion of  the  road  to  proceed  until  such  time  as  the  terms  of 
right  of  way  may  be  agreed  upon  may  be  made  very  useful. 
The  chief  also  selects  quarters  for  his  men,  and  in  case  of 
camping  out  he  directs  the  movements  of  the  camp  equipage. 
21.  The  assistant  engrineer  takes  the  bearings  of  the 
courses  run,  and  makes  a  minute  of  them,  with  their  lengths,  or 
the  numbers  of  the  stations  where  they  terminate.  He  sees  that 
the  axemen  keep  in  line  while  clearing,  and  the  chainmen 
while  measuring;  he  takes  the  bearings  of  the  principal  ro&ds 
and  streams,  and  of  property  lines  when  meX  V\>iXi.  \tl  wv 
open  country  he  may  save  time  by  selecting  aoma  v'^ovo^^ft^N* 


borh 
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^atant  oliject  toward  which  the  ch^nmca  meoaure  wltlioafl 
iissUlaacc,  nlille  he  goes  forward  aud  propores  to  lakef 
of  tlio  course  buf  oud.     lu  travorsiag  a  forest  witbifl 
dense  uudcrgrowth,  when  the  line  Is  beiog  i\ 
lund  accordiug  to  a,  givca  grade,  it  ta  >l  good  ploo  fur 
to  go  uheud  of  the  chaiuoteu  na  far  ii3  ho  caa  be  n 
select  his  grouud,  Cuke  his  bearlog  hy  backslgliC  o 
staCina,  and  then  have  the  chalnmen  raeasure  toward  >il"i.  j 
this  case  both  he  and  the  liead  chaioman  should  be  proTii 
witli  a  good  ^zod  red  and  white  dag,  mounted  c 
pole,  to  bu  waved  at  first  to  call  atteaCioa,  and  aftcrwiird  li 
vertically  for  allgoement.    Otherwise  a  flagman  must  be  added  j 
to  the  party,  wlio  will  select  tiio  ground  nheiid,  undec  thi!  iv'* 
structious  of  the  chief,  and  toward  whom  the  survey  will  pi 
cecd  io  the  usual  maoner. 

22.  The  head  chtLinmnii  drags  the  clinin,  and  caniori 
flag  which  Is  put  into  line  at  the  end  of  each  chain  length  by  tl 
Bssistant  engineer  or  tUo  reur  cliuinnmu.    It  is  hia  du^J 

a  line  and  that  his  chain  is  straiglit  m 
'Itorizontal  before  making  aoy  measurement,  aud  to  show  ^ 
etakeman  whore  each  stake  Is  to  be  driven.    A  stake  is  a 
driven  at  the  end  of  each  measured  chain  length,  i 
station,  though  in  an  open  and  level  couatry  the  stakes  ftt^ 
odd  stations  may  be  omitted,  in  which  case  nmrkiiig  pin*  J 
used  to  indicate  the  odd  stations  temporarily.     In  c 
is  much  clearing  to  be  done  the  head  chaiuman  pUnts  his  tf 
in  line,  and  ranging  past  it,  indicates  to  the 
lobe  cut,  going  a  little  in  advance  through  the  hushes  bdII 
iy  may  work  toward  him.     The  head  chainman  should  bi 
:k,  active  and  strong  man,  with  a  good  eye  and  a  tasted 
work,  as  very  much  of  ihc  real  progress  of  the  Ban! 
spends  upon  him. 

23.  The  rear  chaininan  holds  his  end  of  the  oha 
at  the  last  stake  or  pin  by  his  own  strength,  not  by  in 
3  stake.    Ho  keeps  the  tally  by  the  pins  when  they  ai 

ind  watches  the  numbers  on  the  stakes  to  see  that  theyimd 
t.     The  end  of  a  course  should  always  be  chosen  at  Q 
I  chain,  if  possible,  and  if  not,  then  at  a  brass  tag  ti 
of  feet,  as  thus  the  labor  o!p\ott\ng  toe  ma.-piH\\\\«« 
lori.     The   numbering  of   alatitnia  \a  ■n.cA  "[ccowniw«!iM*i 
acA  new  course,  but  is  contitmed  tTO\afii.ii\it^va\i\o^\'i 
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lie  end  of  the  survey,  through  all  its  courses,  and  if  one 
iourse  ends  with  a  portion  of  a  chain  the  next  course  begins 
witb.  the  remainder  of  it.  It  is  the  rear  chainman's  duty  to 
kttend  to  this,  holding  the  proper  link  at  the  compass  station. 
^ny  fraction  of  a  chain  measured  on  the  line  is  called  a  plies, 
md  is  counted  in  feet  from  the  previous  station.  The  length 
)f  an  offset  in  the  line  is  never  included  in  the  length  of  the 
ine,  but  if  the  line  should  change  its  course  by  a  right  angle, 
Dr  more,  or  less,  the  numbering  would  go  on  as  usual. 

24:«  The  axemen  should  be  accustomed  to  chopping  and 
clearing,  and  are,  therefore,  to  be  selected  in  the  country  rather 
than  the  city.  They  will  cut  out  so  much  of  the  underbrush 
and  overhanging  branches  as  may  interfere  with  the  sight  of 
the  assistant  or  leveller;  but  care  must  be  taken  not  to  cut 
unnecessarily  wide,  and  no  tree  of  considerable  size  should  be 
felled,  except  in  rare  instances.  When  running  by  compass,  if 
the  assistant  goes  ahead  of  the  chain,  he  can  always  select  a 
position  so  that  no  large  tree  will  interfere;  or,  if  the  line  must 
be  produced  and  strikes  a  tree,  the  compass  may  be  brought  up 
and  set  close  to  the  tree  on  the  forward  side  as  nearly  in  line  as 
can  be  estimated,  the  slight  error  in  offset  being  neglected, 
since  the  line  will  be  produced  parallel  to  itself  by  the  needle. 

25*  The  stakeman  prepares  and  marks  the  stakes,  and 
drives  them  at  the  points  indicated  by  the  head  chainman. 
When  no  clearing  is  needed,  the  axemen  keep  him  supplied 
with  stakes,  as  the  rapid  progress  of  the  chain  will  only  give 
him  time  to  drive  them.  The  stakes  should  be  two  feet  long  and 
poiflted  evenly  so  as  to  drive  straight,  and  are  blazed  or  faced 
on  two  opposite  sides,  one  of  which  is  marked  in  red  chalk 
with  the  number  of  the  station.  The  stake  must  be  driven 
vertically,  and  with  the  marked  face  to  the  rear,  so  that  it  may 
be  read  by  the  rodman  as  he  follows  the  line. 

26.  The  topog:rapher  makes  accurate  sketches  of  all 
features  of  the  country  immediately  on  the  line,  and  extends 
the  sketches  as  far  each  side  of  the  line  as  he  can,  in  a  book 
prepared  for  the  purpose.  He  must  never  sketch  in  advance 
of  the  chain,  nor  in  advance  of  his  own  position.  His  work 
should  be  done  to  scale  as  nearly  as  possible,  using  the  same 
scale  for  distances  on  the  line  and  at  right  angles  to  it.  The 
scale  adopted  should  never  he  less  than  that  ol  tV^e  TCkSSb'^  \5:>\i^ 
made  from  the  sketches.     The  ruled  liuea  oi  a  ^^\^\iw:?«-^^ 


^^Bti9ua1ljr  one  quarter  of  an  Invli  tipitrt,  tio  tbiit  a  scale  oP^^H 
^^^^ne  to  a  gtaCEoo  tiquals  about  four  liimdred  feet  lo  aa  S^H 
^^Vriiia  ia  the  enialleat  scale  ever  used.  The  Beule  of  two  Ua^^| 
^^Ha  station  is  most  conveuient  for  general  uxe.  Pour  liDes^^f 
^^■itUUOD  are  nciided  in  special  cases  to  sLow  details,  as  in  ^^M 
^^Hing  through  villages.  The  scale  may  be  changed  from  tiD^^f 
^^Btioie  aa  found  necessary,  but  uo  two  acules  should  ever  bu  ^^M 
^^Ben  tlie  same  page.  The  numbering  of  the  stations  up  the  ^^| 
^^Fted)catei4  the  scale  of  the  sketcii.  ^^M 

n^^       27i  When  the  contours  of  the  surface  are  Teqiiired;^^^ 
topographer  may  join  the  level  part;  in  order  tbat  liis^^^ 
mates  of  heights  and  slopes  may  be  corrected  by  the  ni^^| 
ment.     He  should  never  draw  a  mass  of  cotitours  indisci^^| 
natcly,  but  should  sketch  them  as  they  exist  at  a  uniform  ^^| 
tical  ititerval.    This  interval  may  tie  assumed  at  Ave  feti^H 
a  gently  Tolling  country,  and  at  twenty  feet  in  a  moantai^^H 
^      one,  but  an  interval  of  ten  feet  will  I>e  found  most  convennH 
^L    generally.     If  the  topographer  accompanies  the  level  he  dUn 
^^p    assume  the  contours  at  the  even  tens  of  feet  in  elevation,  and 
^H    mark  them  so,  noting  where  a  contour  crosses  the  surveyed 
^H'  line,  and  sketching  its  direction  and  shape  both  ways  front 
^H    tbat  point.     He  will  estimnte  the  rate  of  slope  of  the  ground 
^H    at  Tight  angles  to  the  line  as  so  many  feet  per  hundred,  aud 
^H    Tccord  it  from  time  to  time,  noting  ascent  from  the  line  on 
^H    either  side  by  "A,"  and  descent  by  "D."    If  the  slope  changce 
^V    within   the  limit  of  the   page,  the  line   of  change   may   he 
^V    sketched  and  the  noxt  slope  recorded.     When  little  banks  or 
^*      terraces   occur,   or  bluffs  and  rocks,   which  cannot   be  'suf- 
ficiently indicated   by  contours,   they  should   be   sliown   by 
hatchings,  and  the  heiglit  noted.     Special  care  should  I>l' 
taken  to  sketch  mads  and  houses  in  their  correct  positions 
and  dimensions,  tlio  latter  to  be  either  measured,  paced  or 
estimated.     The  dimensions  should  also  be  recorded  in  num- 
bers.   The  outline  of  forests  may  be  shown  by  a  scalloped 
line,  and  the  kind  of  timber,  and  whether  dense  or  scattered, 
written  within  the  inclosed  space.     Correct  outlines  are  essen- 
tial, but  no  time  should  be  given  to  shading  up  a  sketch  with 
conventional  signs.    A  single  sign,  or  the  name  of  the  thing 
fatendcd,  m  a/fsufflcicnt.     Land-owuets'  o,n4  YcsVaetiVS  tusn 
should  be  recorded  whenever  they  cnn  Ais  o^Aameil,  ei 
tlieaames  of  roads,  slr^ams  and  public  baWiimga. 
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28.  Tlie  leveller  takes  charge  of  the  level  party  and 
keeps  the  notes  of  his  work.     He  reads  the  rod  on  benches  and 
at  turning  points  to  hundredths  of  a  foot  and  to  tenths  at  other 
points.    He  should  direct  a  bench  to  be  made  at  least  once 
erery  half  mile,  and  in  a  very  rough  country  every  quarter  of 
a  mile.    The  benches  need  not  be  far  from  the  line,  and,  if 
well  chosen,  may  be  used  as  turning  points,  thus  saving  time. 
The  elevation  of  turning  points  must  be  computed  when 
taken,  so  that  the  elevation  of  any  one  of  them  may  bo 
I  instantly  given  when  called  for,  and  the  other  elevations  will 
f  be  filled  in  as  far  as  may  be  without  delaying  the  survey.     Aa 
the  levels  are  usually  the  most  essential  part  of  the  survey, 
much  care  should  be  taken  to  have  the  instrmnent  well  ad- 
justed and  truly  level,  and  the  rod  held  vertically  and  correctly 
read  on  turning  points,  but  the  intermediate  work  should  not 
[  be  80  done  as  to  delay  the  party  unnecessarily.    The  leveller 
should  use  every  endeavor  to  follow  closely  after  the  survey- 
ing party,  so  that  the  chief  and  topographer  may  have  the 
advantage  of  his  notes. 

29.  The  rodiuan's  first  duty  is  to  hold  the  rod  vertically, 
and  he  must  learn  to  do  this  in  calm  or  windy  weather,  in  level 
field  or  on  side  hill.  He  may  carry  a  small  disk-level,  which 
applied  to  the  edge  of  the  rod  will  show  when  it  is  vertical. 
The  turning  points  are  to  be  selected  for  firmness  and  definite- 
ness,  and  so  that  they  will  afford  a  clear  view  from  beyond 
for  a  backsight.  The  rod  is  held  for  a  reading  on  the  ground 
at  eveY*y  stake,  the  number  of  which  is  called  out  to  the  level- 
ler as  soon  as  the  rodman  arrives  at  it ;  the  rod  is  also  to  be 
held  at  every  prominent  change  of  slope  on  the  line,  as  the 
crest  and  foot  of  every  bank,  the  rodman  calling  out  its  dis- 
tance from  the  last  stake  as  plus  so  many  feet,  but  all  gentle 
undulations  and  minor  irregularities  are  to  be  neglected.  The 
rod  will  always  be  read  at  the  surface  of  a  stream  or  pond, 
and  also  at  its  deepest  part  on  the  line,  when  possible;  other- 
wise the  depth  of  the  water  may  be  found  by  sounding,  and 
so  recorded.  Should  the  line  run  along  a  stream  the  surface 
will  be  taken  occasionally,  opposite  certain  stations,  and  in 
case  of  a  canal,  the  elevation  of  surface  above  atL^\i^a^  ^isvRjtL 
lock  must  be  noted.  The  rodman  makes  inquvcy  tot  "hilgK- 
w/fer  znarAv  or  seeks  traces  of  them  himseli  in  aTi\m\xi!aa\xv\fc^ 
9trjct,  and  holds  the  rod  upon  them  that  thcit  c\e^«A:vo\3L  xdl«.1 
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be  determined.  The  rodman  carries  a  small  axe  or  hatchet 
with  which  to  make  benches  and  to  trim  out  any  stray 
branch  that  may  intercept  the  leveller's  view. 

30.  The  assistant  rodmen  take  the  slope  and  elevations 
of  the  ground  at  right  angles  to  the  line,  using  vertical  and  hori- 
zontal rods  and  a  pocket  level,  or  a  tape  line  and  clinometer. 
The  cross  levels  are  not  taken  throughout  the  whole  survey,  if 
at  all,  but  only  where  the  roughness  of  the  country  seems  to 
demand  it.  They  may  be  extended  to  any  distance  from  the 
centre  line  required  by  the  chief — not  less,  however,  than  fifty 
feet  as  a  rule.  They  may  be  taken  at  the  stations  only,  or 
oftener,  if  necessary,  dei)ending  upon  the  roughness  of  the 
surface,  the  object  being  to  define  accurately  the  contours, 
and  so  the  shape  of  the  ground.  The  assistant  rodmen  will 
also  take  soundings  when  they  are  needed,  either  on  the  line 
or  at  right  angles  to  it. 

31.  In  defining  the  duties  of  the  members  of  the  corps,  the 
instruments  used  have  been  incidentally  noticed. 

32.  The  compass  is  preferable  to  the  transit  on  prelimi- 
nary surveys,  because  it  can  be  operated  more  rapidly,  is  lighter, 
and  usually  has  a  better  needle.    It  may  have  either  plain 

^^^ghts  or  telescope,  and  be  mounted  on  tripod  or  Jacob  staff. 

^^Th^^nipler  forms  are  preferred  for  forest  work.  Not  unfre- 
quently  the  engineer's  transit  is  employed,  but  using  the  needle. 
A  preliminary  line  should  not  be  run  by  backsights  and  deflec- 
tions, unless  local  attraction  is  found  to  exist  to  such  an  extent 
as  to  destroy  confidence  in  the  needle;  or,  in  special  cases, 
where  the  natural  obstacles  to  a  survey  are  very  great.  In  the 
latter  case  the  survey  partakes  of  the  nature  of  a  location,  and 
should  be  conducted  with  similar  care  and  fidelity. 

33.  The  chain  is  100  feet  long,  and  composed  of  100 
links.  It  should  be  of  steel  for  lightness,  durability,  and  greater 
accuracy.  Those  having  rings  of  hard  steel,  unbrazed,  are 
least  apt  to  wear.  Five  marking  pins  are  needed,  each  having 
a  piece  of  red  flannel  attached,  for  temporary  stations,  or  for 
keeping  points  temporarily  while  measuring  by  parts  of  a 
chain  up  or  down  a  slope.  A  pointed  plumb  bob,  with  sev- 
eral yards  of  small  cord  wound  on  a  carpenter's  spool,  is  use- 
ful in  chaining  over  steep  declivities  or  bluffs. 

34,  The  axes  should  be  of  best  quality,  ^\1\\  \va.\id-made 
handles,  and  not  too  heavy.    The  axe  oi  t\ie  alaksirci^xi  ^wiW 
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have  a  fine  edge  for  dressing  and  a  broad  head  for  driving 
the  stakes.  When  the  stakes  are  not  required  to  be  over  two 
feet  long,  a  stout  basket,  having  a  square,  flat  bottom,  26x14 
inches,  should  be  furnished  the  stakeman.  He  will  then  pre- 
pare a  basketful  of  stakes,  ready  marked,  and  place  them  in 
the  basket  regularly,  in  the  reverse  order  of  their  numbers,  so 
that  they  will  come  to  hand  as  wanted.  A  small  Jiand-saio 
no  larger  than  the  basket,  with  rather  coarse  teeth,  wide  set, 
'will  be  found  extremely  useful  in  cutting  stakes  with  square 
Leads  and  of  uniform  length,  and  much  more  rapidly  than  can 
be  done  with  an  axe.  When  not  in  use,  it  is  to  be  strapped  to 
the  inside  of  the  basket,  to  prevent  its  being  lost  by  the  way. 
When  the  basket  is  about  empty,  the  stakeman,  with  the 
assistance  of  the  axemen,  can  soon  replenish  it,  and  the  stakes 
l)eing  all  numbered  at  once,  there  is  less  danger  of  a  mistake 
l)eing  made  in  the  tally  than  when  they  are  marked  only  as 
wanted. 

35.  The  level  should  be  the  regular  engineer's  level,  the 
same  as  used  on  location. 

3G.  The  rod  should  be  self -reading,  i.e.,  to  be  read  by  the 
leveller,  as  too  much  time  would  be  consumed  in  the  constant 
adjustment  of  a  target  by  the  rodman.  It  should  be  as  long  as 
can  be  conveniently  handled  in  order  to  reduce  the  number  of 
turning  points  on  hill  sides.  A  very  convenient  rod  may  be 
made  of  thoroughly  seasoned  clear  white  pine,  sixteen  feet 
long  and  two  inches  wide,  with  a  thickness  of  one  inch  at  the 
bottom,  increasing  to  one  and  a  quarter  inches  at  six  feet  from 
the  bottom,  and  then  gradually  diminishing  to  three  eighths  of 
an  inch  at  the  top.  The  rod  is  shod  with  a  stout  strap  of  steel, 
extending  ^ye  inches  up  the  edges,  and  secured  by  screws. 
The  top  is  protected  for  a  few  inches  by  a  plate  of  sheet  brass 
on  the  back.  The  face  of  the  rod  is  a  plain  surface  through- 
out, and  is  graduated  from  the  lower  edge  of  the  steel  shoe  as 
zero.  The  divisions  are  fine  cuts  made  with  the  point  of  a 
knife.  At  the  foot  and  half-foot  points  the  cuts  extend  acro§s 
"ttie  face.  For  the  tenths  and  half  tenths  they  extend  three 
quarters  of  an  inch  from  the  right  hand  edge,  terminating  in  a 
line  scribed  parallel  to  the  edge  of  the  rod,  thus  forming  rec- 
tangular blocks  half  a  tenth  wide,  every  other  one  ol  ^\v\^^\^ 
painted  black,  the  body  of  the  rod  being  wlute.  TYie  leeX  «t^ 
iadioated  by  numerals  painted  red  on  the  \Aaii\5.  pwt\.  ol  \?Cka 
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^^B  fauB,  each  flgurs  standing  eiactlj  on  its  foot  mark,  and  b 
^^P   exactly  OQG  tenth  htgU.    Fur  thu  ligurc  5  tliu  Uom)Ln  V.  ia  i 

etitiitml  and  fur  9  tUe  Romxia  IX.,  no  that  in  cnse  a  dum^ 
level  is  used  tlie  5  may  not  bu  mialukun  fur  a  3,  nor  Ibe  D  for  & 
6.  At  LUu  luiU-foot  poiuts  a  rud  dinmond  is  puiuted.  t 
tLe  graduated  liuc  bla<:cta  it.  No  oUut  figures  Dor  gmdim- 
tiouB  are  required.  With  tbia  riid  tUe  leveller  cau  reud  quite 
accuriitoly  lo  hundredths  of  a  foot,  und  after  some  practice 
oin  estimate  the  hulf  huudrciltlis, 

»37i  The  horiztuital  rod.  for  cross-levels  ma;  be  made 
of  white  pine,  ten  feet  long  and  one  inch  tldck  bj  three  wide, 
tipped  with  biiws,  painted  white,  and  graduated  to  futt  a 
tenths.  It  must  be  a  straight  edge,  and  is  levelled  by  a  pocket 
level  placed  upon  it  when  needed,  or  by  a  sjiiall  level  einbeddiil 
permaueatly  in  oue  edge.  The  vertical  rod  to  be  used  witli  i; 
is  made  of  pine  eight  feet  long  and  one  and  a  quarter  Inclio- 
squore,  and  graduated  to  fuet,  tenths,  and  half  tenths.    All 

»nHla  when  uot  iu  use  should  be  laid  on  a  flat  surface  to  pre- 
vent their  being  sprung.     Leaning  them  in  acorner  soon  mini 
them  for  use. 
38.  The  clinometer  ia  any  small  instrument  which  will 
measure  the  slope  angle  of  thu  aurface.    Tlie  angle  is  always 
estimalcd  from  Ibe  iiorizon.  a  vertical  being  90°.    The  rise  per 
100  feet  is  found  by  multiplying  the  nat.  tangent  of  the  elopn 
angle  by  100.     It  may  oftou  l>e  found  mure  easily  by  at  j 
leveller  reading  the  rod  at  a  station  and  then  100  feet  left  f^ 
right  of  the  line.    If  surface  measures  are  taken  i 
tlon  with  a  slope  angle  they  arc  reduced  to  horizontal  n 
urcs  by  multiplying  them  by  the  cosine  of  the  slope  tingje.  J 

39.  The  plane-table  is  rarely  if  ever  used  on  p 
nary  surveys  in  the  United  States.     Occasional  bearinga  ti 
to  prominent  objects  by  tlic  assistant  engineer,  c 
prismatic  compass  by  the  topographer  in  connection  wilbfl 
sketches,  is  found  to  answer  every  purpose. 

40.  In  case  a  survey  is  to  Ije  made  with  a  trt 
^M  Bit,  it  ia  necessary  to  add  a  back  flagman  lo  the  party,  who  1| 
^H  bold  his  flag  or  rod  on  the  point  last  occupied  by  the  trsD^ 
^H    that  Ihe  assistant  may  take  a  backsight  upon  it.    The  din 

of  a  new  course  Iu  each  case  is  delennined  \¥Y  tt»tt  4 
""ff/o  to  tlie  right  or  left  of  the  preceivng  c 
Tie  bearing  of  one  long  course  ueaHlve  \KBiii™is  d 
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rey  liaving  been  carefully  ascertained,  the  bearing  of  each  suc- 
ceeding course  is  calculated  from  the  deflections,  and  entered 
in  a  column  of  the  field  book  headed  Calculated  Beannffs,  from 
which  the  line  is  afterwards  plotted.  The  magnetic  bearing 
of  each  course  should  also  be  taken  from  the  needle,  and  re- 
corded as  such,  but  is  used  only  as  a  check  on  the  transit 
work.  The  deflections  should  be  made  in  degrees,  halves,  or 
quarters,  if  possible,  to  facilitate  the  calculation  of  bearings, 
and  to  admit  of  using  a  traverse  table. 

41.  The  attached  level  and  vertical  arc  of  the  transit  are 
useful  in  determining  approximately  the  grade  of  the  line  run 
in  advance  of  the  level  party,  or  in  seeking  for  one  assumed 
grade  to  which  it  is  desired  that  the  line  shall  conform.  For 
this  purpose  it  is  only  necessary  to  set  the  vertical  arc  to  the 
angle  corresponding  to  the  grade  as  given  in  Table  XIV. ,  and 
let  the  head  chainman  move  about  until  a  point  on  his  rod  at 
the  same  height  from  the  ground  as  the  telescope  is  covered 
by  the  horizontal  cross-hair. 

42.  The  point  on  the  ground  where  a  transit  is  set  up  is 
marked  by  a  good-sized  plug,  flat  headed,  and  driven  down 
flush  with  the  ground,  with  a  tack  set  in  the  head  to  show  the 
exact  point  or  centre.  Tljis  is  called  a  transit  point.  When 
a  transit  point  occurs  at  a  regular  station,  the  stake  bearing 
the  number  of  that  station  is  set  three  feet  to  the  left  of  the 
line  opposite  the  plug  and  facing  it.  When  a  transit  point 
occurs  between  stations  the  stake  is  driven  three  feet  to  the 
left  of  it,  marked  with  the  number  of  the  preceding  station 
+  the  distance  from  that  station  in  feet. 

43.  As  a  transit  is  capable  of  giving  a  line  with  great  pre- 
cision, it  is  important  that  the  flag^s  used  in  connection  with 
it  should  be  equally  precise  in  giving  points.  An  excellent  flag 
for  this  purpose  is  made  of  well-seasoned  clear  white  pine  ten 
feet  long,  two  and  a  half  inches  wide,  and  one  inch  thick.  It  is 
tapered  for  the  last  four  inches  to  an  edge  at  one  end,  the  edge 
being  formed  at  the  middle  of  the  width.  The  tapered  end  is 
sliod  with  a  band  of  steel  covering  the  edge  of  the  rod,  and 
secured  by  screws,  and  the  steel  is  brought  to  a  sharp  edge  at 
the  point  of  the  rod.  The  rod  is  then  paVviXe^  NAi\\fc  ^^^ 
tipped  with  brass  at  the  square  or  upper  end.     K  ceoXx^  Xvaa 

oa  the  face  is  then  stmcik  from  the  point  oi  X\ve  ^Vft^  ^»  ^^ 
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middle  of  the  hissa  tip  by  means  of  a  piece  of  sewing  sil^ 
and  a  fine  cut  made  with  a  knife  and  steel  sinuglit  edge. 
Ihe  centre  lino  muet  not  be  scribed  parallel  to  one  edge  of  tiis 
rod,  as  tliis  is  rarely  ever  atraight.     The  faee  of  the  rodia 
then  divided  into  onti-foot  spaces,  measured  from  tlie  head  of 
the  rod,  and  tliese  aie  puinted  red  on  either  side  of  tlie  ceetre 
line  in  oitenrnte  blocks.    Oa  the  back  of  the  rod  at  three 
%  half  feet  from   tlie  point  is  ptucrd  a  smiill  ground-gl 
bubble-tube,  mouuUd  very  Bimpty.  and  attached  to  the  rod 
a  brass  plate  and  ttcrows,  and  guarded  by  two  blocks  of  wt 
for  protection.     The  centre  line  of  the  rod  is  made  Tertlt 
a  plumb-line  while  the  level  tube  is  being  Httoched.  which 
after  secures  a  vertical  rod.    If  only  two  feet  of  this  rod 

I  be  seen  over  any  obstruction,  a  point  can  be  set  witli 
precision,  provided  tbe  level  tube  is  in  adjustment.  This  flu; 
can  also  be  used  aa  a  plumb  in  chaining  with  much  motu 
salisfaction  thaa  a  cord  and  wciglit,  especially  in  wiady 
weather. 
44.  A  transit  survey  usutdly  requires  more  clearing  thai 
one  made  hy  compass.  When  a  given  course  is  to  be  produwil 
in  aforest,  some  large  trees  will  inevitably  be  encountered,  1j 
the  labor  and  delay  of  felling  tliem  may  be  avoided  hy 
use  of  aaxOiary  Uneii,  These  may  be  classlfled  as  ruaniii:.' 
paraJkl  to  the  main  line,  at  a  inmil  imgh  with  it,  or  at  a  fui';;i 
angle  with  it. 

45.  The  parallel  line  Is  established  by  means  of  tMu 
short  perpendicular  offsets  nieasured  wild  care  before  readi- 
iog  the  obstacle,  and  the  main  line  in  established  beyond  tli< 
obstacle  by  means  of  two  more  equal  offsets.  Bui  since  sLin! 
Itack-sights  are  to  i>e  avoided,  these  offsets  should  be  at  kn  i 
100  feel  apart,  so  Ibat  it  may  be  dlfilcull  to  find  a  [mrallel  liii< 
of  sufficient  length  which  does  not  strike  some  other  obalEclc, 
or  at  least  require  considerable  extni  clearitig. 

40.  The  auxiliary  lines  making  a  small  ani^U' 
with  the  main  line  are  more  convenient,  not  only  on  liil; 
ftccDimt,  but  because  they  require  a  less  number  of  tnuji 
points.  By  tbem  an  isosceles  triangle  is  formed  on  the  grounil, 
iMFinj'theirilerceptcd  portion  of  the  maitiline  as  base,  and  lliu 
vertex  near  the  obstacle.  Tbe  dcfteclAonaaV\.\ie^wm.'i&^\ 
iiie  lines  leave  and  join  the  main  line  aie  Bim'Aat  ivqA.i 
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flection  at  the  vertex  is  double  in  amount  and  opposite 
ection.    No  calculation  is  necessary,  for  the  error  in 
rement  due  to  the  deviation  is  too  small  to  be  noticed, 
Dce  the  main  line  is  immediately  resumed,  the  calculated 
gs  of  the  auxiliary  lines  are  unnecessary.     Should  the 
where  the  second  line  joins  the  main  liue  prove  unsuit 
>r  a  transit  point,  the  second  line  may  be  produced  to 
>Dvenient  point  beyond,  and  so  go  to  form  an  isosceles 
le  on  the  opposite  side  of  the  main  line,  the  triangle 
completed  by  running  a  third  line  parallel  to  the  first, 
[ual  to  the  difference  of  the  first  and  second.    Again, 
3ond  line  may  encounter  a  serious  obstacle  before  reach- 
e  main  line.    To  avoid  this  a  parallel  to  the  main  line 
•e  run  from  the  end  of  the  first  line  for  a  con- 
it  distance,  and  there  the  second  line  be  put  in 
3l  and  equal  to  its  first  position,  as  before  de- 
d,  thus  forming  a  trapezoid. 
,   The  following  general  solution  of  this 
im  allows  the  engineer  to  make  use  of  any 
3r  of  auxihary  lines,  provided  that  none  of 
make  an  angle  of  much  more  than  one  degree 
he  main  line,  with  a  certainty  of  resuming  the 
line  in  position  and  direction  at  the  extremity 
y  course  desired,  and  without  necessitating 
igonometrical  calculation.     It  is  based  on  the 
ption,  practically  true  for  small  angles,  that 
les  are  proportional  to  their  angles,  and  is  ex- 
d  by  the  following  rule : 

all  defiections  to  the  right  plita,  and  all  to 
ft  rrUnuB;  multiply  the  length  of  each  course 
t  by  the  algebraic  sum  in  minutes  of  all  the 
My  defiections  made  to  reach  that  course; 
;he  algebraic   sum   of    these    products,  and 
the  sum  equals  zero  the  extremity  of  the  last 
'.  will  be  on  the  main  line.     The  deflection     ^^  ^' 
ed  at  that  point  to  give  the  direction  of  the  main  line 
al  to  the  algebraic  sum  of  all  the  preceding  deflections, 
ken  with  the  contrary  sign. 

9,  if  we  have  left  the  main  line  at  A,  and  tvlxi  \iN  \>ftKSft 
(Fig.lJ 
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HO  that  llieolhM  (actor  must  b«  -=-  —  177,  wliiuli  ia  tlie  lenglh 
of  liiB  last  course,  giving  some  point  Foa  the  luam  line.  The 
clefluerloii  at  F  from  the  last  couraa  tt)  give  the  direction  of 


16-31  +  19-13  +  15  =  5' 

Knd  changiDg  the  sign  we  have  —  5';  that  h,  the  deflection  1» 
to  the  left. 

The  diHtanee  on  the  mnia  line  from  ^  to  i^  equals  Ihu  sum 
of  the  courses,  or  B27  feet,  but  this  we  have  by  ilic  statloue, 
which  have  been  kept  by  Btattca  in  the  ordinary  way.  A11  tliu 
Btakes  on  the  auxiliary  lines  will  be  more  or  less  oS  the  main 
line,  hut  as  these  offsets  arc  usually  very  small,  they  are  con 
sidered  of  no  consequence  on  a  preliminary  survey  through  .i 
forest.  In  Fig.  1  the  offsels  are  very  mucli  magnified.  Tli<' 
field  Iiotes  of  such  auxiliary  courses  should  Ik  kept,  not  ur 
regular  nol«s,  but  on  Ilie  margin  or  opposite  page,  and  in  sucii 
a  way  tliat,  while  the  line  may  be  retraced  by  them  on  ili^ 
graunil,Ihedraughtamanmajsee  that  it  is  not  necessary  to  pli>i 
them,  when  n  straight  line  ruled  and  measured  through  is  sn  [ 
ficient.  It  is  obvious  that  in  selecting  a  closing  course  eilln  i 
the  deflection  may  lie  aastimcd  and  the  length  calculated,  m 
vice  venta;  but  care  sliould  be  taken  to  assume  such  values  n- 
do  not  involve  a  fraction  in  either  factor,  if  possible. 

48.   The  method  of  passing  an  obslncle  on   the   line   l>> 
auxiliary  lines  at  a  large  angle  Vi&ttiema.m line  jkiil 
o/'/j- 1)0  resotced  to  when  circiimslanceHftTCfi\w^iV^a\,\)aco\\iv\ 
'"-■Uiails  meotioBcd  eanuot  l>c  employed,  aa  iw. -pa^wviij s,t,\\\V\ 
i.'-  pond,  or  denseiy  wooded  swamp,     ^n  s'ioh  a.  casft-««  n«; 
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turn  a  right  angle  with  the  transit,  and  measure  accurately  one 
offset,  putting  a  transit  point  at  its  extremity,  where  another 
riglit  angle  will  give  a  parallel  line.  If  the  offset  prove  too  shoi-t 
for  an  accurate  backsight,  a  temporary  point  at  a  sufficient 
distance  may  be  established  for  tliat  purpose  on  the  offset  line 
produced  before  the  instrument  is  removed  irom.  the  main 
line.  If  any  other  angle  than  90"*  is  used  it  should  be  selected, 
when  circumstances  permit,  so  that  the  distauces  on  the  inter- 
cepted part  of  the  main  line  may  be  in  some  simple  ratio  to 
the  distances  measured  on  the  auxiliary  Ime.  Thus  a  deflection 
of  60°  gives  a  distance  on  the  main  line  equal  to  half  the 
length  of  the  auxiliary  course,  that  is, 

^         60°         gives  a  ratio  of  i  =  0.5 

sagos'       **      "  '*        0.6  nearly 

45°34i'     "      "  "        0.7      " 

36°  52"      "      '*  "       0.8      " 

25°60i'     "      "  "        0.9      ** 


the  angles  being  taken  to  the  nearest  half  minute. 

49*  If  it  be  desired  that  the  stakes  on  the  auxiliary  line 
should  stand  on  perpendiculars  through  the  true  stations 
on  the  main  line,  a  certain  correction  must  be  added  to  each 
chain  length  depending  on  the  angle  which  the  auxiliary 
makes  with  the  main  line.  If  there  is  a  fraction  of  the  chain 
at  either  end  of  the  course,  a  proportional  addition  must  be 
made  for  this.  Thus,  by  referring  to  the  table  of  external 
secants,  we  find  that  we  must  add  a  correction  as  follows : 


2"83i'...0.1ft. 

per  chain. 

6°45i'...0.7ft. 

per  chain. 

3°  37'  ...0.2" 

7°13i'...0.8" 

4^26'  ...0.3" 

7°  391'... 0.9  " 

5°  07'  ...0.4" 

8°  04'  ...1.0" 

5°  43'  . .  .0.5  " 

9°  52'  ...1.5" 

6°15i'...0.6" 

11°  22'  ...2.0" 

These  methods  of  suiting  the  angle  to  an  even  measure  are 
much  superior  to  assummg  an  even  number  of  de^^i^i,^  ^'Si^'JiR.- 
tion,  and  thea  calculating  the  distance  by  trigOTiOTsv^Vrj ,    ^V^ 
'ast  table,  which  may  be  extended  indefiniteYy  \jy  t^let^XkC»V» 
te  table  of  Ex.  secants,  ia  perfectly  adapted  \o  dasAnVsiLlSNy 
reace  measure  on  regriilar  slopes  vjhen  V\\e  a\ov^  w^^^ 


I  known,  the  clutin  being  loogtUcned  by  tlie  c 

I  Aponding  lo  the  slope  qdj;!*;.  ^^M 

I       50.  It  liie  chaiu  is  leugtlicned  as  per  stHive  table  on  su^^H 

I  iarj  lines,  tlie  Dumbeiing  of  tbe  stakes  goes  on  as  usual,  i^^H 

t  Uiey  alioultl  iiave  an  additional  mark  ae  x  to  eliuw  tliat  l^^| 

are  off  the  raaio  line;  and  the;  may  stand  fuciug  the  ^^H 

stations  wliich  tliey  represent,  und  tile   lengtti  of   offset^^H 

known,  may  also  be  rccordud  on  thcni.    Tim  leveller  wjll  t^^H 

understand  that  he  is  to  read  the  rod  not  only  ut  the  stake^^^l 

they  Hland,  but  also  at  the  true  elationa.  as  nearly  as  may^^H 

Tbe  aaaisCant  engineer  will  always  make  a  (liHgram  iiu^^| 

field  book,  showing  exactly  the  method  pursued  in  refereno^^^l 

auxiliary  lines.     Having  passed  the  obstacle,  it  is  advis^^H 

to  returu  Co  the  maio  line  by  a  course  equal  in  length  to  ^^H 

first  auxiliary,  and  makiug  an  ei^ual  angle  with  the  moinl^^H 

If  this  cannot  be  done  from  the  end  of  the  first  coursaJ^^H 

parallel  to  Uie  main  Hue  may  bo  run  any  convenient  distaiuqH 

and  the  return  line  then  put  in,  forming  a  trapezoid.  ^ 

51.  Wlian  there  is  no  obstriictlou  I<i  sight  on  the  main  I 
line,  but  only  tu  measure  in  eut,  a  transit  point  should  be  I 
set  in  line  beyond  the  obstacle  before  Hie  transit  leaves  tlia  I 
main  line,  as  a  check  on  the  oUier  operations,  and  tbe  mala  ] 
line  should  be  afterword  produced  from  this  point  by  back-  J 
Bight  on  the  main  line,  rather  thou  by  deflection  from  an  I 
auxiliary  line.  | 

52,  The  main  line  should  always  be  resumed  as  soon  \ia     t 
practicable,  making  the  auxiliary  lines  the  mere  exception.     I 
When  a  number  of  courses  at  a  large  angle  are  likely  lo  li'     ' 
required  before  the  main  line  can  again  be  reached,  it  may  In 
l)etter  to  consider  these  as  regular  courses  of  the  survey,  ami 

to  not4!  them  as  sucli.     The  limplent  method  is  always  the  Ik/i, 
because  least  likely  to  involve  mistakes.  > 

G3.  When  the  natural  obstacles  arc  so  numeroii!  | 
I  «nd  of  sucli  magnitude  as  to  render  imy  continuous  line  of  sur  I 
IF  location  extremely  difHcult,  if  not  impossible,  as  in  llu.  [ 
case  of  a  bold  rocky  shore,  all  the  data  necessary  to  a  locatioD  I 
should  be  gathered  with  precision  on  the  preliminary  survey.  I 
"o  rneaaiirements  and  angles  beiug  taken  with  the  greatest  care,  I 
tvof/  as  m&ny  cbecke  as  possible  aViou\4  \>e  mUoinoei  \ia  ■(«t4^  I 
"e  work.  In  meandering  sucli  a  store  \V\avco\ro.\A«'ft\a.\.t\ia^ 
fiber  of  short  courses  will  be  vised. '«V\\t\\^aau^w.me^>aa.■^A 
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correctly,  but  there  is  liability  to  error  in  the  angles.  To 
verify  the  latter  the  more  conspicuous  transit  stations  on 
prominent  points  of  the  shore  are  selected,  and  these  being 
named  by  the  letters  of  the  alphabet,  the  deflections  between 
them  are  taken  by  careful  observations  repeated  a  number  of 
times,  as  for  a  triangulation.  These  points,  joined  by  tie- 
lines,  then  form  a  survey  of  themselves,  much  simpler  than 
the  full  traverse.  To  obtain  the  length  of  these  tie-lines,  the 
angles  between  them  and  the  courses  meeting  at  the  same 
station  are  measured.  Then  since  each  tie-line  forms  the 
closing  side  of  a  field,  in  which  all  the  bearings  are  known, 
and  all  the  distances,  save  one,  that  one  may  be  calculated  by 
latitude  and  departures.  But  the  angles  should  first  be  tested 
for  error  in  each  complete  field,  and  if  the  error  be  large  the 
angles  must  all  be  remeasured  until  the  error  is  found  and  cor- 
rected, but  if  very  small  it  may  be  distributed  among  the 
angles,  or  among  those  most  probably  inaccurate.  Before  cal- 
culating the  traverse  of  any  of  these  fields,  it  will  be  advanta- 
geous to  assume,  for  an  artificial  meridian,  a  line  parallel  to 
the  average  direction  of  the  shore  for  several  miles,  and  to 
refer  all  courses  to  this  meridian  for  their  bearing.  This 
meridian  is  called  the  axis  of  the  survey,  and  all  bearings 
referred  to  it  are  called  axial  beanngs,  as  distinguished  from 
magnetic  bearings.  The  magnetic  bearing  of  the  axis  should 
be  some  exact  number  of  degrees,  so  as  to  facilitate  the  reduc- 
tion from  one  system  to  the  other. 

54:*  In  plotting  the  map,  the  axis  is  first  laid  down,  and  then 
the  lettered  stations  in  their  respective  positions,  after  which 
the  meandering  surveys  can  be  filled  in.  The  map  being 
drawn  on  a  scale  of  one  hundred  feet  to  an  inch,  and  the  con- 
tours constructed  from  the  notes  of  fhe  level  and  cross-level 
parties,  the  engineer  may  project  the  location  upon  it  with 
great  certainty  and  economy  of  result.  But  he  should  calcu- 
late the  traverse  of  the  location  as  projected,  and  compare  it 
with  the  traverse  of  the  preliminary,  to  eliminate  all  errors  in 
drafting,  before  taking  his  notes  to  the  field  to  reproduce  the 
location  on  the  ground.  Any  point  where  the  location  crosses 
the  preliminary  should  have  the  same  latitude  and  longitude 
by  the  traverse  of  either  line.  This  system,  though  laborious^ 
is  the  only  one  that  will  ensure  a  successiul  \oci«A\oTv  \ra.^«t  XJaa 
circumstances  supposed.     Advantage  may  someXNmeaXi^  \»5«w^\i. 


I 


of  cold  wEother  to  cross  bays  and  inlets  rm  tlie  ice, 
Isgruut  liubillly  to  error  in  angliia  lukcnupon  tlie  ice,  dlielN 
to  its  molion  and  to  the  siiiking  of  Uie  feet  of  llie  tripod  it 
the  ice  aa  soon  as  expused  to  the  myx  of  the  sun. 


'  CHAPTER  in. 

Thboht  or  Masimttm  Economy  is  Oraseb  and  Curteb. 

S5>  Before  comniencing  thu  field  work  of  location  it  de- 
volves upou  the  engineer  to  decide  sa  to  which  of  the  surveyed 
routes  Blioll  tm  adopted  as  being  most  advantageous  iu 
raspects,  and  also  to  cGtabliah  the  maximum  grade  in  eacb 
direction  and  the  minimum  mdius  of  curve  on  th»t  route. 

The  gcuunil  conside  ratio  us  whicli  guide  the  engineer  iu  the 
selection  of  one  of  several  routes  for  location  are  such  aa  uen 
hinted  ut  in  the  chapter  on  reconnoissonce,  but  upon  the  com- 
pletion of  the  preliminary  surveys  he  has  nt  hand  a  largK 
amount  of  information  which  enables  him  to  consider  thi? 
important  question  much  more  in  detail.  Unless  his  inalvm- 
tions  are  explicitly  to  the  contrary,  lie  may  assume  it  to  Im  hif 
duty  to  And  the  bent  lirie,  or  that  oue  which,  for  a  series  ol 
years  following  the  completion  of  the  road,  will  require  tlU' 
least  annual  expense,  including  interest  on  first  cost.  The 
finances  of  the  company  may  be  so  limited  as  not  to  perniil 
the  construction  of  tlic  best  line  at  once,  and  it  may  ihea  be 
the  duty  of  the  engineer  to  select  the  c/ieapdsl  Une,  or  that  of 
leaat  first  cost,  ae  a  temporary  expedient,  with  the  expectation 
of  building  the  road  at  its  best  when  the  improved  credit  of 
the  company  will  permit  But  generally  he  will  be  able  in 
build  the  cheaper  portionsof  the  best  line  at  once,  only  makinj; 
deviations  and  introducing  heavier  grades  at  the  expensive 
points  to  avoid  a  cost  beyond  Ihe  present  means  at  hia  com- 
mand. The  selection  of  ttic  hesl  line  may  be  a  question  an 
between  different  routes  or  as  between  different  grades  and 
curves  on  the  same  route.     We  will  consider  the  latter  case 


Jtt  To  solve  the  pro1>leni  of  true  econowi's  ^i-  -nm 
■  te  the  actual  expense  \>oVa  of  buUdro^  ihh\  q';*^a\ 
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the  line  at  a  given  maximum  grade,  and  also  what  changes  will 
be  made  in  these  expenses  by  a  change  in  that  maximum.  Wc 
have  then,  on  one  hand,  the  annual  interest  upon  the  original 
cost,  and,  on  the  other,  the  annual  expense  of  operating  the  road. 
Tlie  best  grade  is  that  w?uch  wiU  render  tJis  sum  of  these  tioo  a 
minimum.  Both  forms  of  expense  consist  of  two  parts:  one 
that  is  affected  by  a  change  in  grade,  and  the  other  that  is  not. 
Clearly  the  former  is  the  only  one  we  have  to  consider  in  either, 
since  when  the  sum  of  the  variable  portions  is  a  minimum,  the 
sum  total  will  be  a  minimum  also.  The  varying  portions  then 
are  functions  of  the  grade,  though  independent  of  each  other. 
If,  therefore,  we  let  z'  represent  the  maximum  grade  in  feet 
per  mile,  and  let  x  represent  the  corresponding  value  of  that 
portion  of  the  annual  expense  which  varies  with  the  grade, 
and  establish  the  relation  existing  between  the  two,  we  shall 
have  X  =f{z').  Similarly  if  we  let  y  represent  the  interest  on 
so  much  of  the  first  cost  as  is  affected  by  grade,  we  shall  have 
y  =/'  (a').  The  problem  then  is  to  find  that  value  of  z'  which 
shall  render 

x-^-y  =  a  minimum. 
Let  us  now  seek  the  complete  expression  represented  by 

The  elements  that  enter  into  this  expression  are  numerous, 
and  will  be  considered  in  succession. 

57.  The  traction  of  an  engrine  is  the  force  with  which 
it  pulls  a  train,  and  is  limited  by  the  reaction  of  the  drivers 
against  the  rails.  It  depends  on  the  weight  upon  each  driver,  the 
number  of  drivers,  and  the  coefficient  of  friction.  The  weight 
on  one  driver  should  not  exceed  12,000  lbs.,  and  is  usually  less 
than  this.  If  the  exact  proportions  of  engine  that  will  be 
used  on  the  road  are  not  known,  the  weight  per  driver  may 
be  assumed  at  10,000  lbs.,  with  4  drivers  for  ordinary  grades 
and  traffic,  or  at  11,000  lbs.  with  6  drivers,  if  the  grades  are 
steep  and  the  tonnage  large.  For  extraordinary  grades  special 
engines  are  required,  having  8  or  10  drivers.  The  coefficient 
of  friction,  called  also  the  adhesion,  varies  from  .09  to  .37, 
these  being  the  extremes  on  record.  The  Yon^^sX  ve.  <5)L\\fc  \» 
extremely  unfavorable  circumstauces,  as  aleeX.  wcA  \xc>^\.\  ^^^ 
Aighest  doubtless  to  the  use  of  sand,  t\ioug\i  iioX  ^  ^\».\fc^  ^^ 
the  record.     The  more  common  range  ot  ^a\Me»  \»  Ixom  .V^  ^ 


For  our  present  purpose  it  will  be  asaumed  *t  .20,  f« 
Ltltat  if  a  4-drivur  ungiitc  lius  10,000  lbs.  ou  each  driver,  iu 
I  tmctioQ  is  40,000  X  .30  =  8000  Iba.  when  hauling  its  inaximuin 

58.  Theexpeiise  of  runuing  an  engine  ouL- mile,  baaling 
a  tniiii,  on  tte  proiiosed  ruad,  can  only  Ita  estimated  fniin  llie 
experience  on  utiicr  roods  similarly  Bitualtid.  Tlie  eitiKitiso  is 
composed  of  the  ttema  of  fuel,  water,  oil  and  waste,  repairs 
(including  renewals),  wages  of  conductor,  engineer,  and  Art- 
man,  engine-house  expemtea,  and  interest  on  first  eost  of 
engine  and  engine-stall.  Tlie  range  and  approsimatc  average 
of  these  items  Is  here  given ; 
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In  a  given  case  the  probable  value  of  each  it«m  should  be 
estimated  separately,  and  the  sum  taken  afterwards.  In  the 
Above  overBigeB  each  engine  ia  suppo.'wd  to  haul  its  maximum 
train.  The  relative  expense  of  the  several  classes  of  engines 
has  not  been  established  conclusively, 

59.  The  resistance  offered  to  the  motion  of  a  railway 
tmin  ia  occaaioned  by  a  variety  of  causes,  concerning  wliicii 
a  great  deal  of  uncertamty  erista  as  to  their  relative  effect, 
An  inveatigation  which  should  seek  to  determine  the  exact 
amount  of  each  partial  resistance,  and  tlien  by  n  summation 
derive  the  total,  would  be  tedious,  and,  in  the  present  state  of 
our  knowledge,  unsatiafactory.  We  aha!]  tlierefore  simply 
group  the  resislances  under  Uiree  general  lieads,  namely. 
due  to  uniform  motion,  on  &  atang^\.,  \ft"j*V' 
'istBnce  due  to  gradi 

tiatance  due 


^^^  Jtesistance 


.^ 
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60.  The  first  of  these,  considered  as  an  aggregate  of 
the  various  items  of  friction  in  engine  and  train,  of  oscillations 
and  impacts,  and  of  resistance  of  the  atmosphere,  is  found  to 
Vfuy  nearly  or  quite  as  the  square  of  the  velocity.  The  fric- 
tion of  an  engine  is  greater  in  proportion  to  its  weight  than 
that  of  a  car,  owing  to  its  many  moving  parts,  so  that  the 
resistance  of  a  short  train  is  greater  in  proportion  to  its  total 
weight  than  that  of  a  long  train.  The  resistance  of  the  atmos- 
phere is  greater  also  in  proportion  to  the  weight  of  a  short 
train  than  of  a  long  one.  An  empty  train  will  offer  more 
resistance  in  proportion  to  its  weight  than  a  loaded  one. .  A 
formula  which  shall  express  the  resistance  of  a  train  to  uni- 
form motion  must  include  at  least  the  velocity  and  the  weight 
of  the  train  and  engine. 

The  following  empirical  formula  is  based  upon  a  careful 
investigation  of  all  such  records  of  experiments  on  the  subject, 
several  hundred  in  number,  as  have  come  to  the  author's  notice, 
and  is  believed  to  give  results  t^greeing  closely  with  the  amrage 
experience  and  practice  of  the  present  day.  It  is  designed  to 
give  the  resistance  per  ton  for  all  trahis,  whether  freight  or 
passenger,  and  at  any  velocity,  under  ordinary  circumstances. 
Accidental  circumstances,-  such  as  the  state  of  the  weather, 
and  the  condition  of  the  road-bed,  rails,  and  rolling  stock,  may 
largely  modify  the  resistance,  but  these,  of  course,  are  not 
taken  account  of  in  the  formula.    . 

Let  V  =  velocity  of  train  in  miles  per  hour, 
E  =  weight  of  engine  and  tender  in  tons, 
W  =  weight  ofNcars  in  tons, 
T  =  weight  of  freight  in  tons, 
q  =  resistance  to  uniform  motion  in  lbs.  per  ton. 

We  then  have  the  formula 

3  =  6.4+(.006  +  ^-^^f^)F'  (1> 

» 

Ol,  The  second  resistance  considered  is  that  due  to 
gravity  in  grades.    It  varies  in  the  exact  ratio  of  the  rise  to  the 
length  of  the  grade. 
Let  ff,  =r  rwe  of  grade  in  feet  per  statVoix. 
O^  =  rise  of  grade  in  feet  per  m\\e. 
^'    =  resistance  in  pounds  per  ton  dv\c  lo  ©c^^- 


<< 
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0T^.-23.4tf. 


3'  =  a 


53H0    as 


e-J0« 
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02>  The  third  resistance  considered  la  tliat  due 
'ature  oC  Ihe  track.     This  resiaLnnce  is  due  to  the  friolS 
if  Uie  wheels  upon  the  lop  of  the  rait,  imd  of  tlieir  flanges  up 
The  Bide  of  the  rail.     Tiie  top  Ericlioa   is  laterul,  due  to 
oliUque  po.titloD  of  the  wheel  on  the  rail,  nod  longitudinal,  i 
to  the  greater  length  of  the  ouCer  rail,  eiace  both  wheels 
rigidly  attached  to  the  axle.    The  flange  friction  is  due  to 
reaction  of  the  top  friction,  wliich,  eonibined  with  the  p) 
iam  of  the  axles,  throws  tlie  truck  Into  an  oblique  jKmltit 
the  track,    A  forward  flange  pressea  the  outer  rail,  wUle  i 
flange  is  usually  in  contact  with  the  inner  rail.     The  a 
fugal  force  of  the  car  will  increase  the  pressure  on  the  i 
Tail,  unless  the  liea  are  inclined  at  an  angle  salflciant  to  ( 
terbalance  this  force.    But  if  the  ties  are  inclined  too  a 
or  the  velocity  is  less,  the  pressure 
increased.     An  uneven  track  will  ca 
zigzag  course,  increasing  the 

Experimenta  for  determining  the 
have  been  neither  numerous 
generally  accepted  concluaion 
less  than  half  a  pound  per  ton 
it  varies  as  the  degree  of  cur< 
ealimaled  at  about  oi 
■W' "ve,  owing  largely  to  the  form  of  roiling  stock  used. 

63.  Let  q"  =  curve  resistance  in  pounds  per  ton 


the  inner  rail  will 
)  the  truck  to  pursui 
considerably. 


:  very  satisfactory,  but  ■ 
s  that  tlie  resistance  iaaUl 
n  a  one-degree  curve,  aod  tl 
9.  On  European  rooda;  Ik 
B  pound  per  ton  per  degree 


and  D  =  degree  of  curve. 
Then,  assuming  tlie  resistance  per  ton  oi 
;  0.5Gf-,  we  have  tor  any  other  curve 


To 


« 


t  grade  upon  n  straiglit  line  will  offeC 
a  given  curve;  au^itAUwXe  ttic  '^t&,iwi:8 
eq.  (2)  and  solve  for  O;  wUencB 

&„  =  1.82D    \  ■ 
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For  definition  of  degree  of  curve,  see  Art.  84. 

64.  It  is  evident  that  grades  and  curves,  by  their  resistances, 
fix  a  limit  to  the  weight  of  a  train  which  a  given  engine  can 
liaul  over  them. 

A  locomotive  is  usually  built  with  such  a  surplus  of  boiler 
and  cylinder  capacity  that  its  power,  at  ordinary  velocities,  is 
limited  by  the  adhesion  of  the  drivers,  so  that  the  adhesion  is 
the  proper  measure  of  the  tractive  force. 

2b  find  an  expression  far  Uie  maaimum  train  which  a  given 
engine  can  hatU  over  a  given  grade  and  curve: 

Let   P  =  tractive  force  of  engine  in  pounds, 

T'  =  weight  of  paying  load  in   tons  per  maximum 

train, 
W  =  weight  in  tons  of  cars  carrying  the  load  T'. 

Then  for  uniform  motion,  at  a  given  velocity, 

(^+  W  +  r)(3  +  q'  +  ql  =  P  (5) 

Let  t  =  average  load  of  one  car  in  tons 
**  w=:  average  weight  of  one  car  and  load  in  tons. 

ID 

Then  TT'  +  2"  =  -rT\  substituting  which  in  eq.  (5)  we  derive 


(( 


(< 


T'-l  I - e]  (6) 


In  this  equation  g  =  the  resistance  per  ton  due  to  uniform 
motion,  q'  =  the  resistance  per  ton  due  to  the  maximum  grade 
opposed  to  the  direction  of  the  train,  and  q"  =  the  resistance 
per  ton  due  to  the  sharpest  curve  on  that  grade. 

For  accelerated  motion  the  reaction  of  inertia  of  the  train 
must  be  added  to  the  above  resistances.  This  is  estimated  at 
\q,  in  order  that  a  train  starting  from  rest  may  acquire  the 
requisite  maximum  velocity,  even  on  a  maximum  grade,  in  a 
reasonable  time,  say  from  3  to  6  minutes.  Therefore,  for 
accelerated  motion. 


T'  =  -  i — e\  (7) 


iq  +  ^  +  q 

Now,  the  ralues  of  T  and  q  involve  each  ol\\ct,^svJ^.^i  ^^ 
coent  Wand  Tin  eq.  (1)  the  value  of  g  \)ecomea  XXi^X  \xafe^>s^ 
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P  Also,  for  the  welgbt  of  maximum  tniin  and  load, 
'-.0009fi*V  „ 


F'+r'  = 


?'  +  «'  + 8.1  4- .008  r* 


wbicli  is  the  expression  required. 

When  tliero  is  no  curve  on  the 

and  when  there  is  no  grade,  g'  h  a 

L  track  eq.  (7)  becomes 


grade,  q"  is  le 
hence  for  a  straight  le 


■;«Dd  eq.  (8) 


+  .009K» 


^H  65.  An  engine-stage  is  a  division  of  the  road  to  wtali 
^Hbd  (tngine  is  limited,  and  over  which  it  reguUirly  hauls  a,  li 
^F  Its  IcDgtIi  varies,  on  esiating  roads,  from  50  to  300  miles 
more,  depending  on  the  grades,  on  the  length  of  the  whi 
line,  and  on  the  distance  hetween  points  favorable  for  the  k 
tion  of  shops,  etc.  The  average  engine^stage  on  Amertc 
roads  ia  not  far  from  75  miles.     If  there  are  lo  1; 

t>«ngine- stages  on  the  proposed  line,  the  problem  of  i 
Mtnomy  of  grade  must  be  solved  with  reference  to  each 

aeparaiely. 
Let  L  —  length  of  engine-stage  in  miles, 
'    6  =  expense  per  engine-mile  in  dollars, 
'   A  =  average  ann\ial  paying  freight  in  tons  moving 

one  direction,  and 

"   a  =  average  annual  paying  freight  in  tons,  niorii% 

the  opposite  direction;  and  if  these  are  not  equal,  let  Ji 

greaier  than  a.    Now  2"  eq.  (8)  la  the  maximum  tmis-lv 

which,  at  a  yetocily  V,  should  lie  liavi\eA  up  atec^ieaX.  ^mto 

i 

opposed  to  Ibe  direction  of  llic  tonviosu  A-.  AYfiHTO  -^ 
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number  of  trains  per  annum;  and  since  each  train  must  go 

2LA. 
and  return, .'.    ^,    =  the  total  train-mileage  per  annum. 

If  there  were  no  return  tonnage,  the  annual  expense  charge- 

2A.Le 
able  to  A  would  be     „^,  ,  but  since  some  of  the  cars  return 

loaded  with  the  freight  a,  these  are  not  chargeable  to  A,  and 
must  be  deducted  from  the  above  expression.  Hence  if  we 
denote  the  annual  expense  of  engine-mileage  by  x, 

^^(3^-^  (11) 

in  which  the  value  of  the  maximum  grade  z'  is  involved  in 
the  value  of  T'. 

But  we  may  obtain  an  expression  for  x  in  terms  of  z' ;  for, 
at  any  given  velocity,  the  resistance,  q^,  on  a  level  is  equal  to 
the  resistance  due  to  a  certain  grade  s^,  the  value  of  which  is, 
by  eq.  (2),  for  uniform  motion, 

33 
14 


%  =  TT% 


So  the  resistance,  q,  to  motion  up  a  grade  z' .  is  equal  to 

33 
the  resistance  due  to  some  grade  z  =  ^-t  q,  the  total  resistance 

14 

being  that  due  to  the  combined  grades  z  +  «'.     Now,  since 

the  gross  weight  of  a  maximum  train,  under  a  constant  engine 

power,  is  inversely  ns  the  resistances,  we  have,  for  conditions 

of  accelerated  motion : 

whence 

lT',z,^^E(z'  +  i(z-z,)) 

r  = ^-r-r-' (^^) 

iz  +  z 

in  which  !r'„  =  maximum  train-load  on  a  level  line.     Substi 
tuting  this  value  of  I"  in  eq.  (11)  we  have 

X  = r^-^ (2^  - «)  ^'    ^^^^ 

whidi  18  the  complete  expression  for  x  —f  {^^  Teq\\Vc<i<\. 


33 
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66.  Could  wc  also  find  a  complete  expression  for  y=f*  (2Q, 
we  might  then  proceed  to  find,  by  analysis,  that  value  of 
z'  which  would  render  x-\-y  =  a  minimum.  But  the  value 
of  y  cannot  be  formulated,  since  it  depends  on  the  accidental 
features  of  the  country  through  which  the  line  passes ;  it  can 
only  be  determined  for  any  given  value  of  z'  by  an  estimate 
based  on  the  survey.  We  therefore  resort  to  a  graphical 
solution. 

Equation  (13)  is  the  equation  of  a  curve  in  the  plane  ZXj 
Fig.  2.  If  wc  assume  several  values  of  e',  and  calculate  the 
corresponding  values  of  a?,  we  may  lay  these  off  by  scale  on 
the  axes  of  Z  and  X  respectively,  and  so  obtain  several  points 

6i 


Fia.2. 

tlirough  which  the  curve  of  annual  expense  may  be  drawn. 
We  then  make  estimates  of  the  cost  of  constructing  the  road 
at  the  same  values  of  z\  and  taking  the  annual  interest  of 
each  estimate  as  an  ordinate  y  to  OZ  in  the  plane  ZT^  we  lay 
it  off  to  scale  at  the  proper  height,  thus  obtaining  a  series  of 
points  in  the  plane  ZT,  through  which  the  curve  of  annual 
interest  on  first  cost  may  be  drawn.  If  now  we  suppose  the 
plane  ZF  to  be  revolved  to  the  left  about  the  axis  OZ  until 
it  coincides  with  the  plane  OX,  as  in  Fig.  2,  we  shall  see 
that  the  two  curves  are  convex  to  OZ  and  to  each  other.  The 
shortest  horizontal  line  intercepted  by  them  indicates  the 
minimum  value  of  {x  +  y),  and  the  point  where  this  line  cuts 
the  axis  OZ  indicates  the  corresponding  value  of  z\  which  is 
the  one  required.  If  tangents  be  drawn  to  the  curves  at  the 
points  where  the  shortest  horizontal  line  intersects  them,  the 
tangents  will  be  parallel  to  each  other.  Any  convenient  scales 
may  he  userl  to  lay  off  the  vahies  of  z'  and  x,  provided  that 
tlie  values  of  ce  and  y  be  laid  off  to  the  some  scale.    \\.\&'velL 
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to  reduce  all  the  values  of  x  by  an  amount  common  to  them 

Fft/i,  and  the  same  with  respect  to  values  of  y,  before  laying 
them  off  to  scale.    This  will  bring  the  two  curves  nearer 
together  without  altering  their  form. 
67.  To  facilitate,  the  calculation  of  a?,  we  give  on  the  next 

page  a  table  of  values  of  -=^  for  several  engines,  using  eq.  (8) 

for  this  purpose.  The  value  of  x  is  therefore  found,  eq.  (11) 
or  (13),  by  multiplying  (2A  —  a)  Le  hy  the  proper  tabular 
number,  under  conditions  assumed  as  follows: 

t     =10  tons  of  freight  per  car-load; 

t^  =  18  tons  per  car  and  load; 

F  =  12  miles  per  hour. 

For  a   4-dri7er  engine,  ^  =  42     tons;  P  =    8100  lbs. 

For  a   6-driver  engine,  J^  =  49.5     "      P-  12600 

For  an  8-driver  engine,  E  =  59.4     "      P  =  17280 

Substituting  these  values  in  eq.  (8),  and  making  q"  =  0, 
we  find  the  maximum  loads  of  freight  which  the  several 
engines  can  haul  up  the  grade  whose  resistance  is  q'.  The 
reciprocals  of  these  loads  are  given  in  the  table  opposite  the 
grades  noted  in  the  first  and  last  columns. 

68.  Since  g"  is  made  zero,  the  grades  in  the  table  are 
assumed  to  be  on  straight  lines.  In  locating  a  road,  the 
maximum  grade  should  be  reduced  on  a  curve  by  the  amount 
of  the  equivalent-grade  of  the  curve,  eq.  (4),  so  that  the  resist- 
ance may  be  no  greater  on  the  curve  than  elsewhere.  But 
grades  less  than  the  maximum  need  not  necessarily  be  reduced 
for  the  curves  upon  them,  unless  the  sum  of  the  grade  and  the 
curve-equivalent  exceeds  the  maximum. 

69.  For  an  example,  let  us  suppose  that  a  certain  engine- 
stage  is  to  be  80  miles  long,  and  that  an  estimate  of  the  cost  of 
construction  has  been  made,  based  on  a  ruling  or  maximum 
grade  of  52.8  ft.  per  mile  against  the  heavier  traffic,  and  that 
the  annual  interest  on  the  estimate  amounts  to  $168,000. 

Let  us  further  suppose  that  the  average  traffic  in  one  direc- 
tion is  estimated  at  375  000  tons  per  annum,  and  in  the  other 
direction  at  125  000  tons,  that  it  is  decided  to  \i«<ft  ^-dxvN^x^ 
eTigines,  and  that  the  expense  per  engiue-m\\e  \a^^\A\s!ka.\ft.^^ 

40 cents;  hence (2A  —  a)  Le=  20 000  000.  NVeaieiiOVJ  x^a^^^vt^^ 

o  aad  the  most  economical  maximuni  grade. 
We  nrst select  at  least  two  other  maximum  gr«.de^,«»^^^"^^ 


Tahlk  or  Bbcipsoiiaia  oi 


.0430  036 
.(B77  71S 

.(BsBoeo 

.03UD19 
.Offl(l7S9 
.0311170 

96  3^ 


SOSST 
18  H7 


-Oisfl  ISO     , ,,  ^ 

HBlBflT    [iiJ2 


.OIUSBO 

.oiaasRfl 
.amsoa 
.oiiaouB 


.OM8B33 
.DM0  330 

.wmses 
.ooaNsro 

.OOiSWi 


38UB 
3  7111 
3  71B 

35SU 


S690 
SMO 
3403 
3127 
3363 


.flOMSl 
.0041  3H 

.0D3B3» 

!o032  347 
. 0080437 
.00M8  677 

.ooaaTflfl 

,00210(8 


8  718 

Sim 

2G6S 


III  this  table  T'  =  toiiB  of  freight  for  a 
J   lully  ioudeil  caiu  hauled  up  imy  grade  s'  nl  a  velocity  a 
f  miJesper  hour ;  f  Jie  ratio  of  (kiiil  W>  \.ay\ni;  \o«J.  Viewg  aa 
_    at  e  to  10.     Hence  gross  loai\  ol   trum  V>t\\™V  e«^TUi  = 
TAb  track  la  assumed  straiKlii,  lii:iic«  V 
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n  estimate  of  the  cost  of  conslmcting  the  road  upon 

I*  M,  lake  the  aanual  interest  of  each,  as  ia  the  first  caue.   Let 

[    Ossuppose  the  two  ruling  grades  tUua  selwtcd  to  lie  73.92  fi. 

'    Md  31.6H  ft.  per  mile,  or  1.4  ft.  per  station  and  0.6  ft.  per 

"ulioD,  and  Ute  interest  on  the  eslimates  to  Ix;  ^143  390  and 

f^ 388  respectively,  giving  the  followlDg  statement: 

Or  y.  Istdiff.  2d  dill. 


rasta 

817130 
73  71S 


The  nunjbers  tu  the  fourth  and  fifth  columns  are  obtained 
aa  toliowB :  the  vaiues  assumed  above  give  ns  (2A  —  a)  La  = 
(20  000  000,  and  this  multiplied  by  the  tabular  differences  in 
the  preceding  table  for  a  6-driver  engine,  gives  the  numbers  in 
the  fourth  column.  We  now  observe  that  the  differences  of 
X  and  of  If  increase  ia  opposite  directions,  tlierefore  at  some 
point  they  will  be  equal;  and  a  simple  inspection  shows  us  tliat 
this  point  is  at  or  near  the  grade  of  0.9,  which  is  therefore 
the  grade  required.  We  now  multiply  the  tabular  numlwr  for 
0.9,  and  a  6driver  engine  by  |20  000  000,  for  the  number  in 
the  fifth  column,  and  this  added  to  the  value  of  y  on  the 
Bame  Line  givea  the  sum  of  (k  +  y)  for  the  most  ecdnomical 
grade.  This  of  course  is  not  the  total  annual  ow*.\».-j  o\  ftift 
jniid,  or  eagine-alage,  because  many  iteras  ot  cx-pcaac  "wVLdo. 
«ro  Sndepeadeat  of  a.  maximum  grade  lift-»c  no*.  \»;eu  cft\i- 
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If  an  8-driver  engine  were  to  be  used,  and  the  expense  per 
engine-mile  estimated  at  50  cts. ,  then  {2 A  —  a)L6  =  $25  000  000; 
hence 


o,. 

V- 

diff.  y. 

diff.  X.           X. 

1 

x+y. 

«'. 

1.1 

1.0 
0.9 

161088 
168000 
175  786 

6  912 
7786 

7  073 

7538 

95  810 

268810 

52.80 

indicating  a  saving  of  $10  318  per  annum  in  the  case  supposed 
by  using  8-drivcr  engines,  although  on  a  steeper  ruling  grade. 
On  the  other  hand,  sliould  we  adopt  4-driver  engines,  and  esti- 
mate the  expense  per  engine-mile  at  30  cents,  we  should  find 
the  most  economical  grade  to  be  0.7  per  station  and  (aj  +  y) 
=  $293  280,  showing  a  loss  in  tliis  case  of  $19  152  per  annum, 
as  compared  with  the  results  of  6-driver  engines. 
It  should  be  remembered  that  the  table  §  67  is  prepared  on 


t       10 
the  assumption  that  tlie  ratio  —  =  z^. 


If  cars  are  to  be  used 


giving  for  full  loads  any  other  ratio,  — , , 


a  new  table  may  be 

10      w' 
prepared  by  multiplying   each  tabular  number  ^7  ^"s  X  7. 

The  velocity  adopted  of  12  miles  per  hour  is  sufficient  for 
ordinary  grades.  When  the  maximum  grade  is  very  low,  it 
would  be  better  to  use  15  or  18  miles  an  hour  in  calculating 
the  value  of  x. 

70.  Since  «,  eq.  (11),  varies  directly  as  Z,  it  is  important 
that  an  engine-stage  having  heavy  grades  should  be  short.  Its 
length,  however,  must  be  consistent  with  the  economical 
length  of  the  adjoining  engine-stages,  and  with  the  amount  of 
work  which  an  engine  ought  to  perform  daily.  The  most 
favorable  condition  for  a  road  would  be  that  in  which  all  the 
engine-stages  were  operated  at  equal  expense.  But  if,  to 
secure  this  result,  the  engine-stage  of  heavy  grades  must  be 
unreasonably  reduced  in  length,  it  will  be  better  to  adapt  the 
grades  to  the  use  of  two  engines  per  train. 

7 1.  The  maximum  grade  z',  opposed  to  the  heavier  tonnage 
u4,  having  been  determined,  we  have  now  to  consider  what  is 

^Ae  limit  to  grades  in  the  opposite  dkectVou.    TYjjb  ^\i^m£&^3A 
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supposed  to  baul  their  maximum  loads  in  moving  the  ton- 
nage Ay  and  since  the  return  tonnage,  a,  is  less  than  A,  the 
engines,  in  returning,  will  not  be  worked  to  their  full  capacity 
if  they  encounter  no  grades  steeper  than  z'.  We  therefore 
liave  a  margin  of  power  in  the  returning  engines  which  may 
be  taken  advantage  of  to  cheapen  the  cost  of  construction,  or 
to  shorten  the  line,  by  introducing  grades,  steeper  than  z\ 
against  the  lighter  traffic. 

The  weight  of  a  maximum  train  moving  up  the  grade  z'  is, 
eq.  (9),  W  -\-T'\  the  weight  of  the  train  returning  will  be 

Substituting  this  in  place  of  (TT'  +  T')^  eq.  (9),  and  solving  for' 
5^,  we  find  the  resistance  due  to  a  maximum  grade  opposed  to 
the  returning  train.  Whence,  by  eq.  (2),  if  we  let  Z  =  the 
maximum  return  grade,  and  make  q"  =  0, 

Z  =  f.     P-.0009^_iF; 83 

Inasmuch  as  the  value  of  Z  varies  with  every  change  made 
in  «',  the  engineer,  when  estimating  the  cost  of  construction 
upon  the  basis  of  any  maximum  grade  z\  should  take  care 
that  the  return  grade  Z  nowhere  exceeds  its  limit  as  given  by 
the  last  equation  (14).  In  the  example,  §69,  z'  =  47.52;  hence 
T  =  203.37,  eq.  (8).  Substituting  these  values,  in  eq.  (14),  we 
find  Z  =  81.25,  which  is  therefore  the  limit  for  return  grades 
in  this  case.    With  regard  to  curves  on  the  maximum  grade, 

see  §68. 

83 
72.  If  ineq.  (1)  we  let  2  =  rj  ?  be  the  grade  per  mile  which 

offers  a  resistance  equal  to  the  resistance  to  uniform  motion 
on  a  level,  we  have 

.  =  12.78+ (.01414  +  ^1-^^)7.        (15) 
When  F=  20  this  becomes 
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which  is  the  grade  down  which  a  train,  whose  weight  is  (E^ 
W-\-  T),  it  started  at  20  miles  an  hour,  will  continue  to  move 
at  tliat  speed  without  steam  or  brakes.  As  that  speed  is  ndt 
objectionable,  so  the  grade  «,  which  induces  it  is  not,  pro- 
vided it  does  not  exceed  the  values  of  z'  or  Z  respectively, 
determined  with  reference  to  economy.  For  the  extra  work 
done  by  the  engine  in  ascending  one  grade  z  is  utilized  in 
descending  the  next;  and  the  net  result  is  the  same  as  though 
the  two  were  replaced  by  a  uniform  grade.  The  engineer 
therefore  is  not  warranted  by  economic  considerations  in 
reducing  undulating  grades  which  do  not  exceed  a  to  a  uni- 
form grade,  when  to  do  this  would  cause  any  increase  in  the 
cost  of  construction,  unless  z  exceeds  the  grades  z'  or  Z  of 
maximum  economy. 

73,  But  when  grades  exceed  z,  eq.  (15^),  the  resulting 
speeds  of  the  maximum  train  become  too  great,  and  the  neces- 
sary application  of  the  brakes  absorbs  a  portion  of  the  power 
previously  expended  in  gaining  the  summit,  whicti  is  thus 
worse  than  wasted,  since  it  increases  the  wear  and  tear  of 
machinery  and  track.  Therefore  the  engineer  is  justified  in 
spending  a  certain  sum  of  money  in  reducing  grades  which 
exceed  z  to  that  limit.  A  calculation  of  the  loss  of  power  due 
to  the  use  of  brakes  on  a  grade,  and  of  the  cost  of  that  lost 
power,  together  with  the  resulting  wear  and  tear  per  annum, 
will  give  the  interest  on  the  sum  that  may  be  justi^bly  spent 
in  reducing  the  grade  from  its  position  of  cheapest  construc- 
tion. 

74,  The  limit  z  is  not  constant,  but  depends  on  the  weight 
of  the  maximum  train,  which  in  turn  depends  on  z'.  It  will 
not  be  the  same  in  both  directions  unless  A=a,  giving  z'  =  Z. 
In  the  example  §69,  E  =  49.5  and  W  +  T' =  366.07;  lience, 
eq.  (15|),  z  =  21.72  descending  in  the  direction  of  the  traffic  A. 

Also  W  +-^  T'  =  230.49,  whence  z  -  23.34  descending  in 

the  opposite  direction.     These  are  the  limits  in  this  case  at 
which  undulating  grades  cease  to  be  profitable. 

75,  We  have  finally  to  consider  the  method  for  selecting  the 
best  line  from  several  proposed  routes.  For  this  purpose  we 
determine  the  most  economical  grade  on  each  route  thought 
worthy  of  consideration,  and  calculate  the  interest  on  the 

if/^/^>v  i^^v/  of  constructing  the  line  with  that  TviVm^  ^^Ai^^^sid 
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also  the  annual  expense  of  operating  the  line,  and  take  the  sum 
of  the  two.  That  route  is  best  in  respect  to  which  this  sum  is 
the  least. 

76.  The  value  of  saving  one  mile  in  distance  on  any  route 
is  found  by  dividing  the  sum  of  the  annual  operating  expense 
and  the  interest  on  the  cost  of  construction  by  the  rate  of 
interest,  and  the  quotient  by  the  length  of  the  line  in  miles. 

77.  We  have  now  fully  discussed  the  theory  and  developed 
the  formulae  necessary  to  the  determination  of  the  most 
economical  grades;  but  the  value  of  tlie  results  in  a  given 
case  depend  upon  the  correctness  of  the  engineer's  estimates 
which  enter  into  the  formulae.  These  may  seldom  prove  pre- 
cisely accurate,  yet,  if  he  can  bring  them  within  definite 
limits,  he  may  determine  the  grades  of  maximum  economy 
within  corresponding  limits.  In  the  case  of  a  finished  road 
and  in  full  operation,  however,  the  elements  of  first  cost,  of 
traffic,  and  of  operating  expenses  being  known,  an  investiga- 
tion by  means  of  the  foregoing  formulae  becomes  a  critical  test 
as  to  the  economy  of  the  location  and  grades;  and  should  the 
road  fail  to  pay  dividends,  or  be  forced  to  charge  high  rates 
of  toll,  we  can  determine,  though  perhaps  too  late,  to  what 
extent  the  location  is  chargeable  with  these  results. 


CHAPTER  IV. 
Location. 

7S.  A  railroad  is  said  to  be  located  when  its  centre  line  is 
established  on  the  ground  in  the  position  which  it  is  intended 
finally  to  occupy.  The  location  is  made  by  an  engineer  corps 
similar  in  its  organization  to  that  employed  on  preliminary 
surveys.  The  instruments  used  are  also  the  same,  except  that 
the  transit  is  substituted  for  the  compass,  and  usually  the  target 
rod  for  the  self -reading  rod.  The  magnetic  needle  is  never 
used  upon  the  centre  line,  except  as  a  rough  check  on  the 
transit  work.  It  is  used,  however,  to  obtain  the  direction  of 
property  lines,  roads,  and  other  topographical  data. 

79.  The  remarks  upon  transit  work,  in  W\<i  -^tw^^yxv^ 
chapter  apply  to  the  runn ing  of  straight  lines  on  loca^on.     K5\ 
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fleld-'work  on  location  should  be  done  vitli   accuracy 

fldelity.  No  guesswork,  iior  nidc  approximations,  arc  to  bo 
toluriiUd.  All  tratiHit  points  arc  nindt^  as  secure  and  permanent 
BB  possible,  and  the  mure  liuportunt  onuN  nre  guarded  by  other 
transit  points  «el  1q  eafo  portions  neiLr  by,  their  disUmces  oud 
directions  from  the  main  point  Iwing  recorde<l. 

Tlio  sCuktis  fur  the  Miiliona  nre  mode  neatly,  and  somcwLai 
uniform  in  size,  and  they  are  firmly  driven.  Sotnetiows  n 
email  plugis  driven  down  Hush  with  theHUrfoco  of  the  ground 
to  indicate  the  station  point,  and  the  slako  is  tlten  wit  near  by 
as  a  witness. 

la  locating  a  very  l011|f  tangent  tlie  greatest  care  is  K- 
quired  to  make  it  jrfnii^AC.  If  the  tungt^ut  is  producud  from 
point  to  point  by  backsights  and  foresights,  tlie  observatioa 
Bliould  be  repealtid  in  every  Instance  with  reversed  instrument, 
to  elimtuato  any  possible  lack  of  adjustment,  and  to  cbeek 
any  nccidentnl  error.  (iTideed  it  is  pri)|)vr  to  oliservu  Ibis  rule 
on  curves,  as  welt  as  on  tangents.)  When  some  object  in  the 
.horizon  can  bo  used  as  a  foresight,  it  is  preferalile  to  set  the 
InBtnunent  by  this  rather  tban  by  a  backsight.  For  final  lot'S- 
tion,  the  line  should  be  cluured  to  give  as  cuntinuous  a  liue  of 
tdght  as  possible,  but  in  cose  of  an  obslaele  wbicli  cannot  Iw 
removed  at  the  time,  at  least  two  independent  methods  of 
passing  it  should  be  employed,  so  that  there  may  be  a  clieck 
upon  the  alignment  beyond. 

80.  Til©  leveller  selects  his  benches  far  enough  from  the 
line  to  prevent  their  being  disturbed  during  tliu  construction  of 
the  road.  They  should  be  nearly  at  grade,  as  a  rule,  though  it 
is  well  to  leave  a  bench  near  a  water-course  for  reference  in  lay- 
ing out  masonry  or  trestle-work.  The  rodman  bolda  the  rod 
at  every  station,  and  at  every  point  on  the  centre  line  when) 
the  slope  changes  direction,  so  that  IIiusc  points  may  be  accu- 
rately defined  on  the  profile.  When  he  uses  a  target  rod,  lie 
sets  the  target  as  directed  by  the  leveller,  and  after  clamping 
it,  takes  (he  reading.  He  reads  to  thousandths  upon  turning 
points  and  i>enclies.  but  only  to  tenths  of  a  foot  elsewhere,  and 
announces  the  readings  to  the  leveller  for  record.  He  also 
records  the  readings  upon  turning  points  and  benches  in  bis 
own  book  as  a  check.  At  the  close  of  each  day  llie  Icvelli^r 
and  rodman  compare  notes,  and  draw  a  profile  of  the  lint-  sur- 
tvj'ed    (See  nlao  gg  28,  2S.  30.) 


8 1.  The  fixing  of  the  grade-lines  upon  tbo  profile 
uue  of  tliemoal  iiaportarit  opemtious  <wiinected  with  IhelocBe 
tion.  It  U  usually  performed  bj  the  euginecr  iu  charge  of 
llie  locatiug  party,  as  Uticg  most  conversant  wiUi  tlie  generaj 
tharocter  and  detailed  rcquiromenta  of  the  Hue.  The  maKl' 
mum  gradients  will  have  ^■uemlly  been  determined  in  advance 
from  the  preliminury  dnta  by  the  pnaciples  laid  down  ii 
preceding  ctaiipter,  but  the  posLtiou  of  cucb  gmde-liue,  relative 
ti)  the  profile  of  the  surface,  must  be  left  to  the  judgment  and 
^kill  of  the  engineer.  In  general,  the  grade-line  is  so  placed 
M  to  cqitaliwi  tliQ  amounts  of  excavation  and  emljaakmcnt, 
\'al  there  are  various  exceptioua  to  thin  lulc.  Thug,  the  e: 
I'.iliou  may  be  in  excess:  Jlr*(,  when  it  Is  necessary  to  pass 
Under  some  other  road  or  highway,  tlio  grade  of  which  cannot 
tio  changed:  teeond,  when  vaSuable  property  is  to  be  avoided^ 
tlie  appropriation  of  which  would  a 
tiua;  third,  when  the  grade  i^  at  th' 
mit.  and  (cannot  be  raised  parallel  to  itself  without  incurring' 
too  great  an  eiqieusc  for  masonry,  etc..  at  some  other  part  of 
the  line.  The  embankment  may  be  in  excess,  first,  when  ttie 
country  la  flat  and  wet,  iu  order  to  Iceep  the  road-bed  well 
drained;  {the  grade-line  should  be  at  least  two  feet  above  the 
average  level  of  the  surface,  or  above  higb-waler  mark,  if  the 
district  is  subject  to  overflow;)  ecamd,  in  approaching  i 
etream,  where  It  is  necessary  to  raise  the  grade  above  the 
requirements  of  navigallou;  Udrd,  when  the  cuttings  o 
Hue  are  largely  in  solid  rock,  and  n  cheaper  material  for 
emhaukments  may  be  conveniently  hud  at  olhcr  points; 
fourth,  in  a  district  subject  to  heavy  drifts  of  snow,  by  which 
doep  Cilia  would  be  liable  to  be  obstructed;  Jiftli,  in  side-iiill 
work,  where  there  is  danger  of  land-slips;  «j-(A,  when  it  is 
dciarmined  to  supply  the  place  of  a  portion  of  an  embankment 
by  a  timber  trestle-work  or  other  viaduct. 

The  apparent  equality  of  cut  and  fill  on  tbe  profile  < 
represent  an  equality  in  fact,  owing  to  the  different  baaea  and 
slopes  of  the  sections  adopted,  and  Xo  the  various  inclinations 
of  tbe  natural  surface  transversely  to  the  line.     This  la  espe- 
cially true  in  Blde-hlll  work,  where  there  ate  feo'Av  ciV  m\6.  Wi 
nt  evcrypoSnt,  while  tJie  profile  shows  very  UVttnot  wftiW.    \a. 
rUolatler  caseitia  aa  excellent  plan  lo  oouitime "wStti '^■"' "^^^ 
fffa  of  the  centre  Hae  tJie  i>roliles  of  paraWcV  \Vtt«ft  ■«» 
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or  twenty  feet  either  side  of  the  centre,  and  drawn  with  differ- 
ent colored  inks,  as  tliese  will  indicate  tolerably  well  the  relative 
amount  of  cut  and  fill  required.  But  after  the  grade  has  been 
thus  chosen,  the  only  safe  method  in  side-hill  work  is  to 
actually  compute  the  amounts  of  excavation  and  embankment 
from  cross-sections,  mark  the  amount  for  each  cut  and  fill  on 
the  profile,  and  compare  the  results.  Any  changes  required  in 
the  grade  or  alignment  may  then  be  discovered  and  effected 
before  the  work  of  construction  has  begun. 


CHAPTER    V. 

Simple    Curves. 

A.  Elementary  Relations, 

82.  The  centre  line  of  a  located  road  is  composed  alternately 
of  straight  lines  and  curves. 

The  straight  lines  are  called  tangents  because  they  are  laid 
exactly  tangent  to  the  curves.  A  tangent  may  be  indefinitely 
long,  but  should  never,  as  a  rule,  be  shorter  than  200  feet 
between  two  curves  which  deflect  in  opposite  directions,  nor 
shorter  than  500  feet  between  curves  which  deflect  in  the  same 
direction.  A  curve  should  not  be  less  than  200  feet  long. 
When  a  tangent  is  said  to  be  straight,  the  meaning  simply  is 
that  it  has  no  deflections  to  the  right  or  left;  for  since  it  fol- 
lows the  surface  of  the  ground,  it  evidently  has  as  many 
undulations  as  the  ground.  But  if  we  conceive  a  vertical 
plane  tcToe  passed  through  the  line,  a  horizontal  trace  of  this 
plane  will  accurately  represent  the  line;  and  so,  if  wo  con- 
ceive a  vertical  cylinder  to  be  passed  through  a  curve  on  the 
surface  of  the  ground,  a  horizontal  trace  of  that  cylinder  will 
accurately  represent  the  curve,  since  all  distances  and  angles 
are  measured  horizontally,  whatever  be  the  irregularities  of 
the  surface.  In  all  problems,  therefore,  relating  to  this  sub- 
ject, we  may  consider  the  ground  to  be  an  absolutely  level 
plain. 

S3,  A.  Simple  curve  is  a  circular  arc  joining  two  tan- 
<vj2ts.    It  Is  always  considered  as  Vim'ited  "b^  Wife  \.^o  Xwa^giRd^ 
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oints,  and  any  part  of  it  beyond  these  points  is  called  the 
urve  produced.  The  first  tangent  point,  or  the  point  where 
le  curve  begins,  is  called  the  Paint  of  Curre,  and  is  indicated 
y  the  initials  P,  G.  The  point  where  the  curve  ends,  and  the 
ext  tangent  begins,  is  called  the  Point  of  Tangent,  and  is  indi- 
ited  by  the  initials  P.  T.  When  accessible,  these  points  are 
tways  occupied  by  the  transit  in  the  course  of  the  survey, 
ad  the  plug  driven  to  fix  the  point  is  guarded,  not  only  by 
le  usual  stake  bearing  the  number  of  the  station,  but  also  by 
aother  bearing  the  proper  initials,  the  **  degree"  of  the  curve, 
nd  an  **ii"  or  **Z"  to  indicate  whether  the  deflection  is  to 
lie  Right  or  Left. 
84.  A  simple  curve  is  designated  either  by  the  radius,  i2, 
r  the  degree  of  curve,  D, 

The  I>egrree  of  Curve,  i),  is  an  angle  at  the  centre,  sub- 
ended  by  a  chord  of  100  feet.  It  is  expressed  by  the  number 
t  degrees  and  minutes  in  that  angle,  or  in  the  arc  of  the 

curve  limited  by  the  chord  of  100 
feet.  Therefore  D  eqttals  tlie  num- 
ber of  degrees  of  arc  per  station. 

The  radius  R  and  degree  of 
curve  D  can  be  expressed  in  terms 
of  each  other. 
Let  ah,  Fig.  3,  be  a  chord  of 
^^'^'  100   feet   subtending  an  arc  de- 

3ribed  with  a  radius  ao  =  B  from  the  centre  o.  Then,  by 
efinition  the  angle  boa  =  D.  Bisect  the  angle  boa  by  a  line 
7,  and  this  line  will  also  bisect  the  chord  ab  and  be  perpen- 
icular  to  it ;  and  in  the  right-angled  triangle  bgo  we  have 

bg  =  ob  X  sin  bog 

—  =  i?  sm  iB 

tence,  to  find  Radius  in  terms  of  Degree  of  Guroe: 

R  =  ~J^  (16) 

sm  ^2> 

od  to  Jlnd  Degree  of  Curve  in  term%  of  Radiu% : 

sin  iB  =  ^  ^^ 
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It  is  the  practice  of  English  engineers  to  assume  the  radius 
at  some  round  number  of  feet  and  calculate  the  degree  of  ciure, 
which  is  therefore  fractional.  In  America,  on  the  contraiy; 
the  degree  of  curve  is  assumed  at  some  integral  number  d 
degrees  or  minutes,  and  the  radius  deduced  from  this. 

Example,— WhvLt  is  the  radius  of  a  8°  20'  curve? 

50  log        1.698970 

iD  =  V40'       log  sin  8.463665 

Ans.  iJ  =  1719.12   log        3.235805 

Thus  the  second  and  third  columns  of  Table  lY.  have  been 
calculated. 

Example, — What  is  the  degree  of  curve  when  the  radius  is 
600  feet? 

50  log       1.698970 

i2  =  600  log        2.778151 

\D  =  4°  46'  48'. 73  log  sin  8.920819 
Ans.  J9  =  9°  33' 87\46 

Measurement  of  Curves.  • 

85.  A  railroad  curve  is  always  assumed  to  be  measured  with 
a  100-foot  chain,  and  as  the  chain  is  stretched  straight  between 
stations  it  cannot  coincide  with  tlie  arc  of  the  curve,  but 
forms  a  chord  to  the  arc,  as  in  Fig.  3.  Consequently  the 
curve  as  measured  from  one  tangent  point  to  the  other  iis  an 
inscribed  polygon  of  equal  sides,  each  side  being  100  feet 
The  sum  of  these  sides  (with  any  fraction  of  a  side  at  either 
end  of  the  curve)  is  called  the  Length  of  curve,  Z.  This  length 
L  is  evidently  a  little  less  than  the  length  of  the  actual  arc 
between  the  same  points,  but  the  latter  we  very  seldom  have 
occasion  to  consider. 

86.  If  the  chain  lengths  were  taken  on  the  arc  instead  of  as 
chords  of  the  curve,  the  degree  of  curve  would  be  inversely 
proportional  to  the  radius,  and  since  the  arc  whose  length  is 
equal  to  radius  contains  57.3  degrees  nearly,  we  should  have 

i):57°.3::  100  :  i?. 
or 

^      5730 
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mvenient  formula,  but  only  approximately  true  when  D  is 
kU,  and  seriously  at  fault  when  D  is  large;  the  error  in- 
ured being  proportional  to  the  difference  in  length  of  a 
-foot  chord,  and  the  arc  which  it  subtends. 
$7.  Tlie  Central  Ang^le  of  a  simple  curve  is  the  angle 
:he  centre  included  between  the  radii  which  pass  through  the 
igent  points  {P.C.)  and  {P.  T,),  It  is  therefore  equal  to  the  ,. 
mber  of  degrees  contained  in  the  entire  arc  of  the  curve 
tween  those  x)oints.  The  central  angle  will  be  designated 
'  the  Greek  letter  A  (delta). 

From  the  definitions  of  the  length  and  degree  of  curve  we 
ive  the  proportion, 

2>  :  A  ::  100  :  L. 

ence,  to  find  the  lieng^h.  of  curve  in  terms  of  the  central 
igU: 

Z  =  100|  (18) 

Example. — ^What  is  the  length  of  a  4**  curve  when  the  cen- 
al  angle  is  29°? 

^        i)  =  4'  and  A  =  29**  (  4)2900 

Ans,     X  =  7  stations  +  25  feet     \      725  feet. 


To  find  the  Central  angle  in  terms  of  the  length  and  degree 
curve: 

Example, — What  is  the  central  angle  of  a  5*  curve  730  feet 
ng? 

2)  =  5%  X  =  730,        —^5^  =36°. 5 

Ans.  A  =  36°  30' 

To  find  the  Deg^ree  of  curve  in  terms  of  the  length  and 
ntrcU  angle:  ^ 

Example.— 'Wh&t  is  the  degree  of  a  curve  8  stations  long, 
id  having  a  central  angle  of  26°  40"{ 

Z  =  800,         A  =  26°.66G,         ^0^ -^  ^^'  •'^ 
^/M.  7)=  3°  20' 
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^^K  88.  If  two  tangeots,  joiuud  by  a  simple  curve,  are  prodi 
^^Kne  forwurd  aud  tliu  other  backward)  until  tlicy  intersect, 
^H^  point  uf  inttrsection,  r(Fig. 

^^B  is  called  thu  vertex,  and  tlicH 

^^H     ...^^^  exterior    or    dcfluclion     angle   I 

^^V       ^^"T^'^i^  whicii  they  make  with   i 

1^^  /  ^^^s^-~-~^  i\  other  is  cquo!   to   the   central 

The  Taugeiit-i!i34taiice, 

T.  is  the  dielaBCP  [roni  llit 
vertex  to  either  langcut  puinl. 
thus  in  Fig.  4.T  =  A  1*=  VB. 

The  Limg  Chord,  0.  i* 
tlie  liDU  AB  joiuing  the  Ina 
tangent  paints. 

The  Middle -ordiuate, 

M,  IB  tbe  liuu  Off,  joining  tLi' 

middle  point  of  the  long  chord  with  the  middle  point  uf  d]<! 

Tlie  External  distance,  E,  is  the  line  SV,  joining  ttt 

middle  point  of  the  ciirvo  with  the  vt^rtex. 

L     We  observe   that   both   tlie   middle-ordinate,   Jtf,   and  tlii^ 

EAslemal  distance,  E,  arc  on  tbe  radial  line  joining  the  ccotn', 

W'O,  with  the  vertex,  F,  and  that  this  line  is  perpendicular  lo 

the  long  chord,    C;    also,   thut  it  bieccls  the  central  [ 

AOB=  A,  and  its  aupplemeut  ^  I'B,     (Tab.  1.14.)     We  a 

obHcrvo  that  the  angle  rAB=  VBA.~iA  (Tiib.  I,  30); 

if  in  the  figure  wo  draw  the  two  chords  All  and  MB,  S 

angle  i!.d// equals  one  half  the  angle  BOH.  or  BAH  =  A 

iA  (Tab.  I.  18);  also  the  angle  rAH=  rBU  = 

81>.  If  we  have  laid  out  two  l.imgents  ou  tbe  ground,  intd 
Bocting  at  V,  and  have  measured  tbe  angle,  A,  between  thel 
we  muy  then  assume   any  other  one  of  the  e 
simple  curve  before  mentioned,   and  calculate  tlic  rest. 
we  assume  B,  for  instance,  we  then  find  R  by  eq.  (IB) « 
Table  IV. 

Then,  having  a  and  B,  we  may  proceed  lo  calculata  lj 
other  elements  as  tlicy  are  needed, 
£*ft  To  Jind  the   Tailtfeut-diHtancc    in.  term*  <, 
^atlifis  a/id  Ountral  A/igle  : 
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In  the  right-angled  triangle  VOA,  Fig.  4,  we  have 

VA=OAx  tan  VOA 
.-.  r    =iJtaniA  (21) 

Otherwise,  approoeimately:  In  Table  VI.,  opposite  the  central 
angle,  take  the  valae  of  T  for  a  1*  curve  and  divide  it  by  the 
degree  of  curve  D,  If  desirable,  add  the  correction  taken 
Irom  Table  V.,  coiTesponding  to  D, 

Example. — What  is  the  tangent  distance  of  a  4°  curve  with 
acentralangleof  30°? 

i)  =  4°  R  (Table  IV.)     log  3 .  156151 

A  =  30°,         i  A  =  15°      log  tan  9.428052 

Am,  r=  383.89  feet  log        2.584203 

Otherwise:  • 

By  Table  VI.  4)1535.3 

Approximate  ans.  383.82 

Correction  from  Table  V.  .08 


Ans,    T=  383.90  feet. 

01,  To  find  the  Long^  Chord  (7,  in  terms  of  Radius  and 
^^ntrdl  Angle  : 
In  the  right-angled  triangle  BOGy  Fig.  4,  we  have 

BG  =  B0X  sin  BOQ 

.  a  =  2i?siniA  (22) 

But  in  case  A  can  be  divided  by  D  without  a  remainder, 
at  is,  if  the  curve  contains  an  exact  number  of  stations  (not 
cceding  12),  we  may  take  the  long  chord  at  once  from 

ible  VII. 

Ejrample. — What  is  the  long  chord  of  a  3°  20'  curve  with  a 

ntral  angle  of  36°  40'  ? 

3  log        0.301030 

D  =8° 20',  B  (Tab.  IV.)    log        ^  .^^^^^ 
A  =36°40\iA^  18°  20'  log  81IX  ^  A^l^*^^ 
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Otherwise: 

jj  =  -~r  =  11  stations 

And  by  Table  VII.  G  =  1081.48. 

92.  ToJindtheMiddie'OTdinateM,interm8ofBaditti 
and  Central  Angle: 

It  is  evident  from  the  figure  that  if  the  radius  OH  were 
unity,  the  line  GH  would  be  the  nat.  versed  sine  of  the  arc 
BH.  But  the  arc  BU  measures  the  angle  BOH=\a,  and 
011=  M; 

.-.  Jf=i2versiA  (23) 

But  in  case  a  can  be  divided  by  D  without  a  remainder, 
that  is,  if  the  curve  contains  an  exact  number  of  stations  (not 
exceeding  12),  we  may  take  the  middle-ordinate  at  once  from 
Table  VIII. 

Example. — What  is  the  middlo-ordinate  of  a  4°  30'  curve 
with  a  central  angle  of  40"  30'? 

D  =  4**  30',        i2(Tab.  IV.)  log  3.105022 

A  =  40"  30',        iA  =  20-^  15'  log  vers  8.791049 

Am.  M=  78.717  1.89e071 

Otherwise : 

-jT  =  — r^;  =  9  stations 
IJ        4.5 

and  by  Tab.  VIII.  M  =  78717 

93.  To  find  the  Kxternal  ^Distance  B  in  terrm  qf 

Badiua  and  GentraX  Angle. 

It  is  evident  from  the  figure  that  if  the  radius  OA  were 
unity,  the  portion  HV  of  the  secant  line  OV  would  be  the 
external  secant  of  the  arc  AH.  But  the  arc  J^  measures  the 
angle  AOH=z  |a,  and  OA  =  R; 

.-.  E=  Rexsec^A  (24) 

Otherwise,  approximately: 

In  Table  VI.,  opposite  the  central  angle,  take  the  value  of 
E  for  a  1"  curve,  and  divide  it  by  the  degree  of  curve  D. 
If  desirable,  add  the  proper  correction  corresponding  to  J9, 
ta^en  from  Table  V. 
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Example. — What  is  the  external  distance  J^of  a  7°  30'  curve 
when  the  central  angle  is  60°  ? 

D  =T  30',        JB(Tab.  IV.)  log  2.883371 

A  =  60°,  i  A  =  30°       log  ex  sec  9.189492 

Am.  E  =  118. 27  feet  log  2 .  072863 

OtherwUe: 

By  Tab.  VI.  7.5)886.38 

Approximate  ans.  118 .  184 

Correction  for  i>  =  7°  30'  (Tab.  V.)  .084 


Am.  E=  118.268 

94.  But,  instead  of  assuming  D  or  iJ,  we  may  prefer,  or  may 
find  it  necessary  to  assume,  some  other  element  of  the  curve, 
the  central  angle  being  given. 

If  we  assume  the  tangent  distance,  then*. 

95.  To  find  the  Radius  and  Degree  of  Curve  in  terms 
of  the  Tangent-distance  and  Central  Angle. 

From  eq.  (21),  and  by  Table  II.  40,  we  have 

-B=rcotiA  (25) 

Otherwise,  approximately: 

Divide  the  tangent  of  a  1°  curve  found  opposite  the  value  of 
A  in  Table  VI.,  by  the  assumed  tangent  distance;  the 
quotient  will  be  the  degree  of  curve  in  degrees  and  decimals. 

Example. — The  exterior  angle  at  the  vertex  is  54°,  and  the 
tangent  distance  must  be  about  700  feet.  What  shall  be  the 
degree  of  curve? 

A  =  54°,        iA  =  27°      log  cot  0.292834 
T  =700  2.845098 


logi?=  3.137932 

Ans.  By  Table  IV.  i>  =  4°  10'  + 

Otherwise: 

By  Table  VI,    700)2919.4 

Ans.  2>  =  4°10'15''  4.1706 

But  as  it  is  difficult  to  lay  out  a  curve  wlien  D  \&  tra^XVcmaX^ 
we  discard  the  fraction  and  assume  4°  10'  as  the  ^o^xxe  ol  X^ 
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This  may  require  us  to  recjalculate  the  value  of  T,  which  we 
do  by  eq.  (21)  and  find  r=  700.8  feet  log  2.845596.    U  the 
other  elements  are  required,  they  may  be  calculated  byeqs. 
(22),  (23),  (24),  or  directly  from  T and  A,  as  follows: 
96.  To  find  the  Gxternal  distance  JS,  in  terms  of  tk 

Tarigent-diatanGe  and  Central  AngU, 
In  Fig.  5  we  have  given 
AOB-  A  and  AY—  T,  to  find 
5"F=  E,  In  the  diagram  draw 
the  chord  AJSy  and  through  ^draw 
a  tangent  line  to  intersect  OA  pro- 
duced in  J,  and  join  YI. 

Then  HI  is  parallel  to  BA,  and 
since HI=AY-  1\  and  AI=  EV 

Fig.  6.  ~  ^*   ^^  ^^  parallel  to  HA,  and 

Ylff  =  RAB  =  i  A .     (Tab.  L  18.) 
In  the  right-angled  triangle  VHI  we  have 

ffY=  ffl"  X  tan  YIR 


or 


E=  rtaniA 


(26) 


Example. — The  angle  at  the  vertex  being  54°  and  the  tan- 
gent-distance 700.80  feet,  how  far  will  the  curve  pass  from 
the  vertex  ? 


r=  700.80  (from  last  example)  2.845596 
A  =  54°,  iA  =  13°  30'   log  tan  9.380354 


Am.   j^  =  168.25  feet 


log  2.225950 


(For  the  formulae  by  which  to  find  the  long  chord  and  mid- 
dle-ordinate  in  terms  of  the  tangent-distance  and  central  angle, 
see  Table  III.  12  and  13.) 

97.  Again,  it  may  be  necessary  to  assume  the  external  dis- 
tance in  order  to  determine  the  proper  degree  of  curve. 

To  find  the  Radius  and  Degree  of  Curve  in  terms  of 
the  Ectemal  distance  and  Central  Angle: 
^    Bjeg.  (24) 


B  = 


E 

ex  sec  \  A 


^3?^^ 
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Ol^ierwise: 

In  Table  VI.  divide  the  external  distance  of  a  1°  curve, 
opposite  the  given  value  of  a,  by  the  assumed  external  dis- 
tauce ;  the  quotient  is  the  degree  of  curve  required. 

Example.— ^\ie  angle  at  the  vertex  being  24°  30',  the  curve  is 
desired  to  pass  at  ^bout  65  feet  from  the  vertex.  What  is  the 
proper  degree  of  curve  ? 

^  =  65         log  1.812913 

A  =  24"  30',         i  A  =  12°  15'  log  ex  sec  8 .  367345  * 

logi2=  3.445568 

-  ^ns.  By  Table  IV.  D  =  2°  03'  + 
Otherwise: 

By  Table  VL    65)133.50 
Ans.  D  =  2"*  03' 14"  2\0538 

We  may  therefore  assume  a  2°  curve,  unless  required  by 
the  circumstances  to  be  more  exact,  wheu  we  might  use  a 
2°  03'  curve.    Assuming  a  2°  curve,  we  have  by  eq.  (24) 

JSr=  66.75    log  1.824460 

Having  decided  on  the  degree  of  curve,  we  may  calculate 
the  remaining  elements  by  eqs.  (21),  (22),  (23),  which  is  always 
the  better  way,  bift  we  may  calculate  them  directly  from  E 
and  A. 

98.  To  find  the  Tangent-distance  in  terms  of  the 
External  distance  and  Central  Angle: 

From  eq.  (26),  and  by  Table  II.  40, 

r=^cotiA  (28) 

Example. — The  angle  at  the  vertex  is  24°  30',  and  the  curve 
passes  66.75  feet  from  the  vertex.  How  far  are  the  tangent 
points  from  the  vertex  ? 

j^  -  66 .  75  (from  last  example)        log        1 .  824460 
A  =  24°  30',     i  A  =  6°  07'  30"  log  cot  0 .  969358 

Ans.  T  =  622.04  feet  2 .  793818 

99.  JSewarA;.— Eqs.  (27)  and  (28)  are  partic\\\aY\y  \3L"aGlw\  Va. 
defining  the  curve  of  a  railroa.d  track  vrhere  a\\  OTV^VKkaA. 
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Fio.  6. 


points  are  lost.  Produce  the  centre  lines  of  the  tangents  of 
the  curve  to  an  intersection  V,  and  there  measure  the  angle  A. 
Bisect  its  supplement  A  VB,  and  measure  the  distance  on  the 
bisecting  line  from  Fto  the  centre  line  of  the  track.  This 
will  give  VH=i  E.  Then  i?  and  T  may  be  calculated,  and  the 
distance  Tlaid  off  from  Kon  tlie  tangents,  giving  the  tangent 
points  -4  and  J5. 

(For  thq  formulae  by  which  to  find  the  long  chord  and  mid- 
dle-ordinate  in  terms  of  E  and  a,  see  Table  III.  16  and  17.) 

100.  Again,  having  only  the  central  angle  given,  we  may 
assume  the  long  chord,  or  the  middle-ordinate,  and  from  either 
of  these  and  the  central  angle  calculate  the  remaining  ele- 
ments. Or,  finally,  the  central  angle  being  unknown,  we  may 
suppose  any  two  of  the  linear  elements  given,  and  from  these 
calculate  the  rest.  As  such  problems  have  little  practical 
value,  their  discussion  is  omitted.  The  requisite  formulae  for 
their  solution  are  given  in  Table  III.,  and  the  verification  of 
them  is  suggested  as  a  profitable  exercise  to  the  student. 

B.  Location  of  Curves  by  Deflection  Angles, 

101.  In  order  that  the  stakes  at  the  extremities  of  the 
100-foot  chords,  by  which  the  curve  is  measured,  shall  be  set 

exactly  on  the  arc  of  the  curve 
by  transit  observation,  it  is  neces- 
sary at  the  point  of  curve,  A,  to 
deflect  certain  definite  angles 
from  the  tangent  A  V.  Let  us 
suppose  that  in  the  curve  AB, 
'\  Fig.  6,  the  points  A,  a,  b,  c,  d, 
etc.,  indicate  the  proper  posi- 
tions of  the  stakes  100  feet  apart, 
1^  and  that  OA  is  the  radius  of  the 
curve.  In  the  diagram  join  Oa, 
Ob,  etc.,  and  also  Aa,  ab,  be,  etc. 
Then,  by  definition,  the  angle  AOa  =  D,  and  by  Geom. 
(Tab.  I.  20  and  11)  the  angle  VAa  =  Ji).  Therefore  if  ^ 
we  set  the  transit  at  A,  and  deflect  from  AV  the  angle 
iB,  we  shall  get  the  direction  of  the  chord  Aa,  on  which  by 
measuring  100  feet  from  A  we  fix  the  stake,  a,  in  its  true 
position  on  the  curve.  So  again,  since  the  angle  aOb,  9t 
t/ie  centre,  =  D,  the  angle  aAb,  at  the  c\TCumleteiTkS»,  ■=  \fi. 
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If  therefore,  with  the  transit  at  A^  we  deflect  the  angle  \B 
from  the  chord  Aa^  we  shall  get  the  direction  of  the  chord 
Ah\  and  when  the  stake  h  is  on  this  chord  it  will  also  be  on 
the  curve,  if  6  is  100  feet  distant  from  a.  Thus,  in  general, 
we  may  ^il  the  position  of  any  stake  on  the  curve,  by  deflect- 
ing an  angle  \I>  from  the  preceding  stake,  and  at  the  same 
time  measuring  a  chain's  length  from  it, — the  chain  giving 
the  distance,  while  the  instrument  at  A  gives  the  direction  of 
the  point. 

\D  is  called  the  Deflection-angle  of  the  curve;  so  that  in 
any  curve,  Ihe  deflection-angle  is  equal  to  one  half  the  degree  of 
curve. 

102.  Since  each  additional  station  on  the  curve  requires 
an  additional  deflection-angle,  the  proper  deflection  to  be  made 
at  the  tangent  point  from  the  tangent  to  any  stake  on  the 
curve  is  equal  to  the  deflection-angle  of  the  curve  multiplied 
by  the  number  of  stations  in  the  curve  up  to  that  stake ;  or  it 
is  equal  to  one  half  the  angle  at  the  centre  subtended  by  the 
included  arc  of  the  curve. 

103*  It  may  happen  that  all  the  stations  of  a  curve  are  not 
visible  from  the  tangent  point,  A.  When  this  is  the  case  a 
new  transit-point  must  be  prepared  at  some  point  on  the 
curve,  by  driving  a  plug  and  centre  in  the  usual  manner,  and 
the  transit  moved  up  to  it.  Let  us  suppose  that  the  point  d, 
Fig.  6,  has  been  selected  for  a  transit-point,  and  that  the 
transit  has  been  set  up  over  it.  Before  the  curve  can  be  run 
any  farther,  it  is  necessary  to  find  the  direction  of  a  tangent  to 
the  curve  at  the  point  d  For  this  purpose  we  deflect  from 
chord  dA  an  angle  Adz  equal  to  the  angle  VAd  previously 
deflected  to  fix  the  point  d.  (Tab.  1. 16.)  Or  we  may  adopt  the 
following 

Rule:  To  find  the  direction  of  the  tangent  to  a 
curve  at  the  extremity  of  a  given  chords  deflect  from  tlie  chord  an 
angle  equal  to  one  half  the  angle  at  the  centre  subtended  by  tJie 
chord.    (Tab.  I.  20.) 

Having  thus  found  the  direction  of  the  auxiliary  tangent 
zdx,  we  proceed  to  deflect  from  dx,  (^D)  for  the  next  station  e, 
2  (4i>)  for  station/,  3(^D)  for  station  g,  etc.,  as  before.  When 
the  end  of  the  curve  is  reached,  a  transit-point  is  set  at  the 
Point  of  Tangent,  after  which  it  only  Tema\t\a  \.o  t«A  \)aa 
direction  of  the  tangent,  by  the  above  rule.    Tlivia  \1  g  \^  Vi\ife 
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the  point  of  tangent,  wc  obtain  the  direction  of  the  tangent  by 
deflecting  from  the  chord  gd  an  angle  equal  to  xdg,  or  to 
\  dOg.  If  this  tangent  VB  was  already  established,  the  line 
gx  thus  obtained  should  coincide  with  it;  and  if  it  does  so, 
the  correctness  of  our  work  is  proved. 

104.  The  centre  line  is  measured,  and  the  stations  num- 
bered regularly  and  continuously  through  tangents  and 
curves  from  the  starting  point  fo  the  end  of  the  work-  It 
therefore  frequently  happens  that  a  curve  will  neither  begin 
nor  end  at  an  even  station,  but  at  some  intermediate  point,  or 
plus  distance. 

If  the  Point  of  Curve  occurs  a  certain  number  of  feet 
beyond  a  station,  the  first  chord  on  the  curve  is  composed  of 
the  remaining  number  of  feet  required  to  make  100. 

Any  chord  less  than  100  feet  is  called  a  subchord. 

If  a  curve  ends  with  a  subchord,  the  remainder  of  the  100 
feet  must  be  laid  off  on  the  tangent  from  the  Point  of  Tangent 
to  give  the  position  of  the  next  station,  so  that  the  stations 
may  everywhere  be  100  feet  apart. 

105.  Tlie  deflection  to  he  made  for  a  siU>chord  is  §qual  to  one 

JialftJie  arc  it  subtends. 
Let  c  =  length  of  any  subchord  in  feet. 
**  d  =  angle  at  centre  subtended  by  subchord. 
Then,  from  eq.  (22),  by  analogy 

c=2B8mid  (29) 

100 
But  by  oq.  (16)  2R  =  -r^ 

sm  Ji> 

...c  =  mi'%  (30) 

.-.  sinirf=x^sin3S-Z>  (31) 

AVlien  D  does  not  exceed  8°  or  10",  we  may  assume  without 
serious  error  that  the  angles  are  to  each  other  as  their  sines, 
and  the  last  two  equations  become 

(approx.)  tf  =  100  ^  (32) 
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and  *^  =  100^*-^^  ^^) 

In  curves  sharper  than  10°  per  station,  the  error  involved  in 
this  assumption  becomes  apparent  and  must  be  corrected. 

106.  If  curves  were  measured  on  the  actual  arc,  then 
eqs.  (32)  and  (33)  would  be  true  in  all  cases;  but  since  a  curve 
is  measured  by  lOO-ft  chords,  it  is  evident  that  if  a  100-ft. 
chord  between  any  two  stations  were  replaced  by  two  or  more 
subchords,  these  taken  together  would  be  longer  than  100  feet, 
since  they  are  not  in  the  same  straight  line.  Let  us  conceive 
the  actual  arc  of  one  station  to  be  divided  into  100  equal 
parts;  since  the  arc  is  longer  than  the  chord,  each  part  will  be 
slightly  longer  than  one  foot.  Now  if  we  take  an  arc  contain- 
ing any  number  of  these  parts  (less  than  100),  the  nominal 
length  of  the  corresponding  subchord  in  feet  will  equal  the 
number  of  parts,  and  the  deflection  for  the  subchord  wiU  be 
proportional  to  the  number  of  parts  which  the  arc  contains. 
The  deflection  therefore  will  be  exactly  given  by  eq.  (33)  if  in 
that  equation  we  let  c  equal  the  number  of  parts  in  the  arc,  or 
the  nominal  length  of  the  subchord  in  feet.  Having  th\is 
obtained  the  correct  value  of  (^  d),  we  may  introduce  it  into 
eq.  (29)  or  (30),  and  obtain  the  true  value  of  the  subchord, 
which  will  always  be  a  little  greater  than  its  nominal  value. 

Suppose,  for  instance,  that  the  arc  of  one  station  is  to  be 
divided  into  four  equal  portions;  then  each  subchord  will  be 
nominally  25  feet  long;  and  by  eq.  (33) 

which  is  the  correct  value  of  the  deflection,  whatever  be  the 
degree  of  curve.  Substituting  this  value  in  eq.  (29)  or  (30)  we 
obtain  the  tru^  value  of  the  subchord,  c,  a  little  greater  than 
25;  the  excess  is  called  the  correction  of  the  nominal  length. 

107.  This  correction  for  any  given  subchord  bears  an 
almost  constant  ratio  to  the  excess  of  arc  per  station,  what- 
ever be  the  degree  of  curve.  These  ratios  are  shown  in  the 
following  table  for  a  series  of  subchords,  and  Table  VII.  gives 
the  length  of  actual  arc  per  station  for  various  degree*  q1 
curve.  Bubtracting  100  we  have  the  excess  ot  axe  i^x  *\a.\A.Q»w., 
and  multiplying  this  excess  by  the  ratio  correspoiidAiig  \.o  XN^ft 
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nominal  length  of  subchord  we  obtain  as  a  product  the  proper 
correction  for  the  subchord. 

TABLE    OP    THE    RATIOS    OP    CORRECTIONS  OP   8T7BCH0RDS  TO 
THE  EXCESS  OP  ARC  PER  STATION. 


Nominal 

Nominal 

Nominal 

Length  of 
Subchord. 

Ratio. 

Length  of 
Subchord. 

Ratio. 

Length  of 

Ratio. 

Subchord. 

0 

.003 

85 

.807 

70 

.856 

5 

.050 

40 

.886 

75 

.827 

10 

.099 

45 

.858 

80 

.287 

15 

.147 

60 

.874 

85 

.236 

20 

.192 

55 

.883 

90 

.169 

25 

.234 

60 

.883 

95 

.098 

30 

.273 

65 

.874 

100 

.000 

We  observe  that  the  largest  correction  is  required  by  a  sub- 
chord  between  55  and  60  feet  in  length. 

Example. — It  is  proposed  to  run  a  14°  curve  with  a  50ft 
chain.    What  correction  must  be  added  to  the  chain? 


D  =  14°         Ji>  =  7' 
Bj  eq.  (30) 


i^  =  ^X7°=3°.5  =  3°30' 


c  =  100  ?^?3  =  50.093 


sin  7^ 


Ans.  Correction  =  .093 


Or,  by  Table  VII., 


and  by  above  table, 

Ans.  Correction  =  product 


length  of  arc 
excess  of  arc 
ratio  for  50  feet 


100.249 
.249 
.374 

=        .093 


Example.— The  P.O.  of  an  18°  curve  is  fixed  at  +  55  feet 
beyond  a  station.  What  are  the  nominal  and  true  values  of 
Ihe  first  subchord,  and  what  the  proper  deflection? 

Nominal  value  =  100  —  55  =  45  feet 

45 
Deflection  =  i^i  =  ^  x  9°  =  4°.05  =  4°  03' 

and  by  eq  (30) 

True  value  =  c  =  100  ^^:^- =  AS  AAa 
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Or,  by  Table  VII.,  excess  of  arc  =      .412 

by  above  table,  ratio  for  45  feet  =      .358 

.  Correction  =  product  =      .147 
Ans.  True  value  of  subchord  =  45.147 

Example. — The  last  deflection  at  the  end  of  a  40°  curve  is 
found  to  be  6°  30'.  What  are  the  nominal  and  true  values  of 
the  last  subchord? 

Here  idJ  =  6°  30',  and  by  eq.  (32) 

6  5 

Nominal  value,  c  =  100  -^  =  32.5  feet 

Byeq.  (30) 

True  value,  (J  =  100  ^^?  ^]}?  =33.098  feet 

sm  20 

Or  by  Table  VII.,  excess  of  arc  40*^=    2.060 

by  above  table,  ratio  for  32.5  feet  =      .290 

Correction  =  product  =      .597 
Nominal  value  of  subchord  =  32.5 


True  value  =33.097 

108.  For  convenience  in  making  deflections,  the  zeros  of 
the  instrument  should  always  be  together  when  the  line  of 
collimation  coincides  with  a  tangent  to  the  curve.  Thus,  in 
beginning  a  curve,  the  transit  being  set  at  the  P.  C.  zeros 
together,  and  line  of  collimation  on  the  tangent,  the  read- 
ing of  the  limb  for  any  station  on  the  curve  has  simply  to  be 
made  equal  to  the  proper  deflection  from  the  tangent  for  that 
station.  After  the  transit  is  moved  forward  from  the  P.  G. 
and  set  at  another  point  of  the  curve,  the  vernier  is  set  to  a 
reading  equal  to  the  reading  used  to  establish  that  point,  hut 
on  the  opposite  side  of  tJie  zero  of  the  limb,  and  the  line  of 
collimation  is  set  on  the  P.  C.  just  left.  Then  by  simply  turn- 
ing the  zeros  together  again,  the  line  of  collimation  will  be 
made  to  coincide  with  a  tangent  to  the  curve  through  the  new 
point,  and  the  deflections  for  the  succeeding  stations  can  be 
read  off  directly,  as  before.  Thus  any  number  of  transit 
points  may  be  used  in  locating  a  curve  by  finding  the  direc- 
tion of  the  tangent  through  each  by  a  deflection  from  the  pre- 
ceding point,  until  finally  the  P.  T,  is  reached,  vj\iete  ^\ic>^^x 
defection  gives  the  direction  of  the  located  tangewt.. 
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lOO.  The  asaiatBDt  engineer  keeps  neat  and  syetenu 
fleld-nuteH  of  all  liis  uperatioas  witli  Uic  transit  it 
curves.  The  numborB  of  tlie  stBtions  are  written  in  regulw  ^ 
order  up  tlie  first  column  of  tlic  left-baud  page  of  tite  Scld- 
IrtHik,  using  every  line,  or  every  otLur  line,  as  may  Ite  pre-  ' 
ferred.  Tlie  second  column  contains  the  initials  of  each 
transit  point  on  the  same  line  as  the  number  of  its  station,  or 
between  lines,  if  the  point  occurs  between  two  stations.  lu 
the  third  eolumii,  and  opposite  the  InitinlB  in  the  second,  'n 
recorded  ihe  station  and  plus  distance,  if  any,  of  each  transit 
point.  The  fourth  column  contains,  opposite  the  " P.C."  tlic 
degree  of  curve  used,  and  an  E  or  1,,  showing  whether  Uie 

»  curve  deflects  lo  the  right  or  left;  tlio  flftb  column  contains 
the  readings  or  deflections  made  from  a  tangent  to  set  each 
Btation  or  point,  written  on  the  same  Hue  as  the  number  of 
that  station  or  point;  and  the  sixth  column  contains  Uic  cen- 
tral angle  of  Uio  whole  curve,  a,  written  oppomte  the  "  P.T." 
The  plus  distances  recorded  in 
tlie  third  column  are  always  Hie 
nominal  lengths  of  subchords,  but 
if  the  truL.  lengths  have  been  calcu- 
lated and  laid  off  on  tlie  ground, 
these  should  also  be  recorded  i" 

ij  XV-^'"         parenthesis      On   the   riglit-linnd 

I  ''^\'"^\j       P^S^  ""^  recorded  (he  calculated 

I  ^\         bearmgB  of  the  tangents  and  their 

qJ ^  \    magnetic   bearings;    and   on   tlie 

centre  liue  of  the  page,  opposite 
_      _  the  record  of  eiicU  transit  point,  a 

dot   is  made  with  a  small  circle 
around  it,  lo  show  the  reliiliv-e  position  of  the  several  points 
on  the  ground.    Borne  slight  topographical  sketches  may  be 
made,  indicating  the  more  prominent   objects,   but  the  full 
sketches  should  be  taken  by  the  topographer  in  a  separate  book. 
no.  Since  the  deflections  start  from   zero  at  eacli   new 
transit  point,  Ui^  sum  of  the  de/tectUme  by  which  ifm  transit 
pidrtta  are  IneaUd  vM  be  equal  to  one  lialf  the  central 
aagle  oftt£  eume. 
111.  Tho  slatiovts  on  a  curve  may 'be  \Dca.\.ea\i-s  atsftvt- 
tinuH  unly,  iv/tliout  linear  DO,eas\vreincii\.a,    ¥or  ftv\s.\iw(\i'  - 
'"■o  tnmsits  are  set  at  two  transit  pointa  oti  tae  cwrsc,  ,» 
\  I 
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*nd  By  Fig.  7,  and  the  proper  deflections  for  any  station  are 
made  with  hoth  instruments,  the  station  heing  located  by  find- 
ing the  intersection  of  the  two  lines  of  collimation. 

This  method  requires  that  the  two  transit  points  shall  have 
been  previously  established,  that  their  distance  from  each 
other  shall  be  known,  that  they  shall  be  visible  from  each 
other,  and  that  they  shall  both  command  a  view  of  the  stations 
to  be  located.  It  is  not  therefore  generally  useful,  but  may 
be  resorted  to  to  set  stations  which  fall  where  chaining  cannot 
be  accurately  done,  {is  in  water  or  swamps.  The  chord  join- 
ing the  two  transit  points  becomes,  in  fact,  a  base-line,  and  the 
deflections  form  a  series  of  triangulations. 

(7.  Location  of  Carves  by  Offsets. 

1 1 2.  A  curve  may  be  located  by  linear  measurement  only, 
without  angular  deflections.  There  arc  four  general  methods, 
viz.: 

By  offsets  from  the  chords  produced. 
By  middle-ordinates, 
By  offsets  from  the  tangents,  and 
By  ordinates  from  a  long  chord. 

To  locate  a  curve  by  offsets   from  the  chords 

produced. 

When  the  curve  begins  and  ends  at  a  station. 

113.  Let  Ay  Fig.  8,  be  the  P.  G.  of  a  curve  taken  at  a  station, 
to  locate  the  other  stations,  a,  by  c, 
etc.  The  chords  Aa,  aby  bCy  etc., 
each  equal  100  feet,  and  since  the 
angle  AOa  =  Dy  the  angle  VAa  = 
\D.  (Tab.  I.  20.)  Taking  an  off- 
set ax=:ty  perpendicular  to  the 
tangent,  we  have  in  the  right- 
angled  triangle  Axa. 

ax  =  AaX  sin  JZ> 
or 

t    =  100  sin  iD       (34) 

The  offset  t  is  called  the  tangent 
offset,  and  its  value  is  given  for  all 
decrees  of  curve  in  Tab.  IV.  col.  4.  Tia.^ 

If    the   curve    were    produced 
^ckward  from  A,  100  feet  to  statioa  z,  tlie  oil^eV.  ^^  n.«^ 
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equal  ^;  and  if  the  chord  2 J.  were  produced  100  feet  from  J 
to  a\  the  offset  a'x  would  also  equal  t.    Therefore  the  distance 
aa'  =  2^,  and  the  angle  aAa'  =  2).    So  if  we  produce  the  chord  j 
Aa  100  feet  to  b\  the  distance  hb'  =  2^. 

To  liiy  out  tJie  curve,  stretch  the  chain  from  A,  keeping  the 
forward  end  at  a  perpendicular  distance,  t,  from  the  line  of  the 
tangent  to  locate  station  a.  Then  find  the  point  b'  by  stretch- 
ing the  chain  from  a  in  line  with  a  and  A,  and  then  stretching 
the  chain  again  from  a,  fix  its  forward  end  at  a  distance  from 
b'  equal  to  2t.  This  gives  station  b.  In  the  same  way  find 
other  stations. 

When  the  last  station,  as  d,  of  the  curve  is  reached,  produce 
the  curve  one  station  farther  to  e\  Then  the  tangent  through 
d  is  parallel  to  the  chord  ce\  and  laying  off  t  from  c  and  e'  per- 
pendicular to  this  chord,  the  tangent  c'e  is  found.  If  the  work 
has  been  correctly  done  the  tangent  c'e  will  coincide  with  the 
given  tangent  VB. 

WTien  tlie  curve  begins  or  ends  with  a  subchord, 

114.  Let  Ay  Fig.  9,  be  the  P.G,  and  Aa  the  first  sub- 
chord  =  c,  and  the  angle  VAa  =  ^d,  and  let  the  offset  ax  =  U. 

Then 

ti—CQm\d  (35) 

Producing  the  curve  backward  to  the  nearest  station  2,  we 
have  another  subchord  Az  =  (100  —  c),  and  the  angle  yAs  =  \ 
iP  —  d),  and  putting  the  offset  yz  —  t, 

^.  =  (100  -  c)  sin  ^(D-d)  (36) 

Laying  off  the  two  subchords  on  the  ground,  and  making 

the  proper  offsets,  t^  and  t^,  at  tte 
same  time,  we  fix  the  position  of 
the  two  stations  a  and  z  on  the 
curve  ;  after  which  we  may  pro- 
duce the  chord  za  100  feet  to  b\ 
and  proceed  as  before  until  the 
curve  is  finished. 

If  the  curve  ends  with  a  sub- 
chord,  as  dBy  produce  the  curve 
to  the  ^TSt  slaWow  Xi^^atviii  B,  as 
e",  then  calcviXaXfc  W\^  \.^ci  Q&afc\& 
for  the  two  avibcViox^^Bd^xsL^lifc* , 
jTio.  p.  and  lay  tUem  oil  Ixom  a  «ae. 
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perpendicular  to  the  supposed  direction  of  the  tangent.  If 
the  line  d'e  so  obtained  coincides  with  the  given  tangent,  VB, 
the  work  is  correct. 

115.  "We  may  find  the  values  of  t^  and  t^  otherwise  than 
by  the  formulae  above,  for  in  Fig.  8  we  have  shown  that  the 
angle  aAa'  =  aOA,  and  since  these  triangles  are  isosceles, 
they  are  similar;  therefore 

Fig.  8,  OA  :  Aa ::  Aa  :  aa' 

or  iJ:  100::100:2« 

t  -  (^^y  .37) 


and  similarly.  Fig.  9, 


c« 


Hence 


«,  :<::<j«:(100)« 

Thus  t,  may  be  found  by  multiplying  the  square  of  the  sub- 
chord  by  the  value  of  t  given  in  Tab.  IV.,  and  dividing  the 
product  by  10000.  As  c  is  always  less  than  100,  so  t^  is  always 
less  than  t. 

116.  In  eqs.  (35),  (38),  and  (39)  it  is  customary  to  use  the 
nominal  values  of  c,  and  this  can  produce  no  error  in  t  or  t, 
exceeding  005,  when  the  degree  of  curve  does  not  exceed  ten 
degrees.  In  the  case  of  a  very  sharp  curve,  the  formulae  eqs. 
(40)  and  (41)  are  preferable. 

To  locate  a  curve  by  middle-ordinates. 

W?ien  the  curve  begins  and  ends  at  a  station. 

117.  In  Fig.  10,  let  A  be  the  P.  C.  at  a  station,  and  let  a  and 
z  be  the  next  stations  on  the  curve  either  way  from  A.  Then, 
since  zy  =z  ax  —  f,  the  chord  za  is  parallel  to  the  tangent  A  F, 
and  Ag  =  t.  Hence,  having  any  two  consecutive  stations  on 
the  curve,  as  z  and  A,  we  may  lay  off  the  tau^<aivt.  oSse^  t 
from  A  toffon  the  radius,  and  find  the  next  staXVon,  a,  \^1^^V 

from  A  on  the  line  zg  produced.     Then  laying  oS.  dh  =  t  <2fa 
the  radius  aO,  a  point  on  the  line  Ah  ptodvxeed  md\^^^ 
from  awiU  hethe  next  station  h 
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On  reaching  the  end  of  the  curve,  the  tangent  is  found 
precisely  as  described  in  the  method  by  chords  produced,  §  113. 

In  Fig.  10,  we  observe  that  if  the  radius  OA  were  unity,  gA 
would  be  the  versed  sine  of  the  angle  aOA  =  D,    But  gA  =  t, 

.'  ,t  =  E  vera  D  (40) 

When  the  curve  begins  or  ends  with  a  mbchard.  \ 

118.  Let  A,  Fig.  11,  be  the  F,C,,  and  a  and  z  the  nearest 


Fio.  10. 


Fio.lt 


Stations.    Then  Aa  =  c,  the  first  subchord,  and  aOA 
by  analogy,  we  have  from  the  last  equation,  if  ax 

t^  =  E  vera  d         i 
t^  =  i2vera(i)-d)J 


<f,  and 
t.  and 


(41) 


or  eq.  (39)  may  be  used  if  preferred. 

Having  found  the  two  stations,  a  and  s,  on  the  curve,  lay 
off  from  the  forward  station  a,  ah  =  t  on  the  radius,  and  so 
continue  the  curve  as  described  above. 

When  the  end  of  the  curve  is  reached,  produce  the  curve  to 
the  next  station  beyond,  and  find  the  tangent  by  offsets  as 
described  in  the  previous  method,  §  114 

To  locate  a  curve  by  offsets  from  the  tangents. 

fPZ/^^  t/i£  curve  begins  at  a  station. 

W.  Let  A,  Fig.  12,  be  tlie  P.  0.  at  a.  aU\:vo\i.    T^aeo.  ^iosi 
tation  a  is  located  by  the  tawgent  oft^eV  t,  \s3tsa\xcso^ 
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?ab.  rV.,  or  calculated  by  eq.  (40).    To  calculate  the  distances 

nd  offsets  for  the  following  stations,  J,  c,  etc.,  in  the  diagram 

Iraw  lines  through  the  points  6,  c,  etc.,  parallel  to  the  tangent 

IF",  intersecting  the  radius  J. 0  in  5^',  g\  etc.,  and  draw  the 

ines  hsf,  ex",  etc.,  perpendicular  to  the  tangent 

Then 

Asx^z=g'h  =  Oh  sin  bOA 


3r 


and 
Also, 


or 


and 


Aaf  =  R  sin  2D^ 
^''  =  i2sin3i> 
etc.  etc. 

M  =zg'A=Oh  vers.  hOA 

t  =R  vers  2D^ 
i'  =B  vers  3i) 
etc.  etc. 


(42) 


(43) 


But  these  calculations  may  be  avoided,  for  as  twice  ag  equals 
tlie  chord  of  two  stations,  so  twice  hg'  equals  the  chord  of  four 
stations,  and  twice  eg"  the  chord 
of  six  stations,  etc.  So  also  as  Ag 
is  the  middle-ordinate  of  two  sta- 
tion, Ag'  is  the  middle-ordinate  of 
four,  and  Ag'  the  middle-ordinate 
of  six  stations,  etc.  Hence  the 
rule: 

The  distance  on  tTie  tangent  from 
the  tangent  point  to  t?ie  perpendicu- 
lar offset  far  tlie  extremity  of  any 
are  is  equal  to  one  half  the  long 
chard  for  ttoice  that  arc,-  and  tlie 
offset  from  the  tangent  to  the  ex- 
tremity of  any  arc  is  equal  to  the 
middle-ordinate  of  twice  that  a/rc. 

The  long  chords  and  middle-ordinates  may  be  taken  from 
Tables  VII.  and  VIII.  for  2,  4,  6,  8,  etc.,  stations,  when  the 
P. (7.  is  at  a  station,  or  for  1,  3,  5,  7,  etc.,  stations,  when  the 
P.  G,  is  at  -f  60.  or  half  a  station. 

If  the  offsets  from  the  first  tangent  A  F  prove  \TvcoTiN«vv\^\i>\'^ 
'^ng,  the  second  half  of  the  curve  may  be  \oc«A;^^  Itotdl  \5ask 
*ther  tangent  BV,  beginning  at  the  point  oi  Iwi^^X.  B»  «t^ 
oaing  on  a  station  located  from  the  &st  taivKetvV 
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TF^n  t?ii;  curve  begtiu  wiih  a  trahchord. 
120.  If  rf=the  angle  nt  centre.  subUoded  by  the  Snt 
subchmd,  wc  Imve  fur  lli<:  di^lauccfl  on  tho  Upgcnt  (Fig.  1$ 

Ax  =  R&ind 

A:^  =  B  sin  (rf  +  D) 
At"  =  li  siD  (rf  +  2Z>) 


and  for  llie  oflscla  (Fig.  11) 


■s(d  +  i)) 


If  tlie  first  subcliord  equals  50  feet  (nominftl),  then  d  =)fi, 
and   tho  Tables  VIL  and  VIII.   may  be  used  as  eaplwDed 


Fia.  la 


Fio,l*. 


above.  Tliesc  tables  may  bo  used  in  any  case,  by  adopting  a 
temporary  tangent  through  any  station,  and  laying  off  the  dis- 
tances on  this,  and  making  the  offsets  from  it 

When  a  curve  is  located  by  offsets  the  chain  should  be  car- 
ried around  the  curve,  if  possible,  to  prove  that  Uie  etations 
are  100  feet  apart. 
To  locate  a  cnrve  by  ordinates  firom  a  long 
chord. 
'  ike  eurte  begins  aiid  ends  at  a  station. 
In  Fig.  14  draw  the  long  chord  AB,  Jotaing  the  tan- 
ts,  andtwtn  this  draw  ordinnteBlo  aWYbe  AB&nni:u 
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^  curve.    We  then  require  to  know  the  several  distances «. 
fte  long  chord  Aa\  a'b',  h'c\  etc.,  and  the  length  of  ordinate 
At  each  point. 
Let  C  =  the  long  chord  AB,  then  eq.  (22) 

C7=2i2siniA 

If  a  is  the  second  station  and  »  next  to  the  last  on  the  curve, 
join  at,  and  let  the  chord  ai  =  C\  Then  since  the  arc  Aa  = 
ik  =  D,  the  angle  at  the  centre  subtended  by  (7'  is  (a  —  22>). 

.-.  C7'  =  2jBsini(A-22>) 

Again,  if  we  join  h  and  h  the  next  stations  and  let  hh  =  G" 

C7"=2jBsin4(A-4Z>) 

and  so  on  for  other  chords. 
Since  Aa'  =  ki,  C=a  +  2Aa' 

r.Aa=-^ 
Similarly, 

a  o  =  — 7: — 


Thus  we  continue  to  find  the  distances  up  to  the  middle  of 
the  curve,  after  which  they  repeat  themselves  in  inverse 
order. 

122.  When  the  long  chord  C,  subtends  an  even  nunUferof 
%tatians  (as  10  in  Fig.  14),  the  middle  ordinate  of  the  chord  is 
the  ordinate  of  the  middle  station,  as  e.  Since  the  chords  AB 
and  ai  are  parallel,  the  ordinate  a' a  or  i'i  is  evidently  equal  to 
the  difference  of  the  middle  ordinates  of  these  chords. 

Let  My  M'y  M\  ete.,  be  the  middle-ordinates  of  the  chords 
(7,  (J\  C\  etc.    Then  eq.  (23) 

M  =  R  vers  J  A 
M'  =  i?versi(A  -2D) 
if''  =  JBversi(A-4Z>) 
ete.,  etc. 

And  a'a  =  t^i  =M-M 

b'b  =:h'hz=M-IP 
ete.      ete.        ete. 

The  values  of  the  chords  aod  middle-OTd\Tuii^te!&  \n&^>a&^ 
«l  once  from  Tables  Vll.  and  VIII. 


6V' 


FIELD   ENGINEERING, 


^JEJxample. — It  is  required  to  locate  a  4  degree  curve  of  ten 
stations  by  offsets  from  the  long  chord. 
By  Table  VII. : 

Diflf. 


10  sta. 
8  " 
6  " 
4  " 
2  " 
0  ** 


C  =980.014 
G^  =789.803 
(7»  =  595.744 
C7»i=  398.782 
(7^^  =  199.878 
0^  =000.000 


190.211 
194.059 
196.962 
198.904 
199.878 


^Diflf. 

95.105  =  Aa'=  Jo! 
97  .OdO  =  a'b' =  {h' 
98.481  =5V  =Ay 
99.452  =  c'd'  ^sff 
99.939  =  (re'=/d' 


From  Table  VIII. 


Difl. 


10  sta. 

M     =  86.402 

8    " 

M^     =55.500 

30.902 

=  a' a  =  *n 

6    " 

if"    -31.308 

55.094 

=  b'b  =h'h 

4    '* 

Jfi"  =13.943 

72.459 

=  c'c  =g'g 

2    " 

Jfi^  =    3.490 

82.912 

=  d'd  =  ff 

0    " 

M^  =    0.000 

86.402 

=  e'e 

123.  When  the  long  chord  C  subtends  an  odd  n/umber  qf 
stations,  the  middle  ordinate  will  fall  half-way  between  two 
stations,  and  need  not  be  laid  off. 

If  the  ordinates  near  the  middle  of  the  curve  prove  mcon- 
veniently  long,  we  may  subtract  if—  M',  M'—M\  etc.,  and  bo 
obtain  in  Fig.  14  a'a,  h"b,  c'c,  etc.  We  then  lay  off  Aa\  a'a, 
ab\  b'b,  be",  etc.,  turning  a  right  angle  at  every  point.  The 
chain  should  be  carried  along  the  curve  at  the  same  time  to 
make  the  stations  100  feet  apart. 

Example. — It  is  required  to  locate  a  10-degree  curve  of  nine 
stations  by  offsets  from  the  long  chord. 

By  Table  VII. . 


Diflf. 


HDitt. 


0 


9  sta. 

811.314 

7    '* 

658.105 

153.209 

76.604  =  ^(1' 

5    " 

484.900 

173.205 

86.603  =  a'y 

3    '* 

296.962 

187.938 

93.969  etc. 

1    •* 

100.000 

196.962 

98.481 

»    ** 

0.000 

100.000 

\     xfysm 
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By  Table  VMI.: 

Diff. 

9  sta.  168.029 

64.279 

=  a'« 

7   "    108.750 

50.000 

=  h''h 

5    "      53.750 

34.202 

-c'c 

3    "      19.548 

17.365 

etc. 

1    "        2.183 

2.183 

0    "        0.000 

124;.  The  tables  can  be  used  equally  well  when  the  curve 
)th  begins  and  ends  with  a  half  station ;  also  to  locate 
ilf-station  points  throughout  the  curve,  but  in  the  latter  case 
e  numbers  are  taken  from  consecutive  columns  of  the  tables 
stead  of  from  alternate  col- 
nns,  as  in  the  above  examples. 

When  the  curve  begins  or  ends 
th  any  subchord. 
125.  Let  A,  Fig.  15,  be  the 
G,  and  Aa  =  c  the  first  sub- 
ord,  and  d  the  angle  it  sub- 
ads  at  the  centre.  In  the  dia- 
am  draw  the  long  chord  AB, 
d  the  ordinates  to  each  sta- 
)n,  and  through  each  station 
aw  a  line  parallel  to  AB,  and 
\,AOB=  A. 
Since  the  angle  YAB  =  f  A  and 

Aa  =  H  the  angle  aAB  =i(A-d).  The  deflection  angle 
Dm  the  subchord  Aa  produced  to  the  chord  abis^  {d  +  I)\ 
e  deflection  angle  between  any  two  consecutive  chords  of 
0  feet  is  i  (2>  +  i>)  =  i>.     Therefore  the  angle 


Fio.  15. 


&ad'  =  i  (A  -  (Q  -  \(d+D)=\{A  -2d-I)) 
cbc'  =  Ha  -  2d-D)  -  \  {2D)  =  \{A  -2d  -  SB) 

afa'=  i (A  -  2d^3B)  -  i  {2D)  =  \i^t^  -'i^-''^'^ 


etc. 


etc. 


eto. 
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Solving  the  several  right-angled  triangles  We  have,  Fig.  15. 


And  also 


Aa!  =  c.    cos  \{l.  —  d) 
06"  =100co8i(A -2rf—   D) 
he"  =  100  cos  i  (A  -  2d  -  3/>)    ^ 
dd"  =  100  cos  i  (A  -  2d-^D) 
etc.,  etc.,  J 


a'a  =  c.     sin  ^  ( A  —  (f) 
J"*  =  loosing  (A -2rf-    D) 
c'c  =  100  sini  (A  -  2<f  -  %D) 
d'c  =  100  sin  i  ( A  -  2<i  -  52>) 
eic. ,  eic. , 


(46) 


(47) 


When  the  middle  point  of  the  cuive  is  passed  the  minus 
quantities  in  the  parentheses  become  greater  than  a,  making 
the  parentheses  negative,  and,  therefore,  the  sines  negative, 
and  indicating  that  such  values  as  are  determined  by  them 
must  be  laid  off  toward  the  long  chord  AB, 

By  a  proper  summation  of  the  quantities  determined  by  eqs. 
(46)  and  (47)  we  obtain  the  distances  Aa\  Ah\  Ac\  etc.,  and 
the  ordinates  a'a,  h'hy  c'c^  etc.,  and  the  curve  may  be  located 
accordingly.  It  is  well  to  make  all  the  necessary  calculations 
before  beginning  to  lay  down  the  lines  on  the  ground,  thus 
avoiding  confusion  and  mistakes. 

Example.— HhQ  P.G,  of  a  3^  20'  curve  is  fixed  at  +  25  feet 
beyond  a  station,  and  the  central  angle  is  16°  24'  =  a.  It  is 
required  to  locate  the  curve  by  ordinates  from  the  long  chord. 

We  have  c  =  100  -  25  =  75  and  (?  =  2°  30'  and  2>  =  8°  20'. 
Hence,  eqs.  (46) 


Aa'  —    75  cos 

6°  57'    =  74.449 

74.449  =  Aa' 

ab"  =  100  cos 

4°  02'    =99.752 

174.201  =  Ab' 

be"  =  100  cos 

0M2'    =  99.993 

274.194  =  ^c' 

d''d  =  100  cos  ( 

-  2°  38)  =  99.894 

374.088  =  Ad: 

e'e  =  100  cos  ( 

-  5°  58')  -  99.458 

473.546  =  Ae' 

e'B  =    17  cos  ( 

-  7"  55')  =  16.838 

490.384  =  71?? 

By  eqs.  (47) 

a'a  =    75  sin 

6°  57'-        9.075 

9.075  =  a'a 

b"b  =  100  sin 

4'' 02'-        7.034 

16.109  =  5'* 

€"€  — 100  sin 

0°42'-        1.222 

17.331  =  c'e 

cd"  -  100  sin  (- 

2"  38')=        4.594 

12.737  =  <r<f 

d^"  - 100  am  (- 

5«  58) --10.395 

2.342  =  4^« 

ee'  -   17siu(- 

7°  55')=:-    2.341 

\      Q.^iWi   ^  .  »   .    ■ 
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The  same  formulae  can  be  used  when  the  curve  begins  at  a 
station  by  making  c  =  100  and  d  =  D. 

126*  The  methods  of  locating  curves  by  linear  measure- 
ments do  not  require  the  use  of  a  transit,  although  one  may 
be  used  to  advantage  for  giving  true  lines,  turning  right 
angles,  etc.  When  a  transit  is  not  used  the  alignments  should 
be  made  across  plumb-lines  suspended  over  the  exact  points 
previously  marked  on  top  of  the  stakes.  A  right  angle 
may  easily  be  obtained,  without  an  instrument,  by  laying  off 
on  the  ground  the  three  sides  of  either  of  the  right-angled 
triangles  represented  in  the  following  table  (or  any  multiples 
of  them),  always  making  the  hose  coincide  with  the  given  line. 

Table  op  Right-Angled  Triangles. 


Base. 

Hypothenuse. 

Perpend] 

4 

5 

3 

12 

13 

5 

24 

25 

7 

40 

41 

9 

60 

61 

11 

84 

85 

13 

96 

100 

28 

D.  Obstadea  to  the  Location  of  Curves. 

127*  To  locate  a  (mrve  joining  two  tangents  when  the  in- 
tersection V  is  inaccessible.    Fig.  16. 

From  any  transit  point  p  on  one  tangent  run  a  line  pq  to 
intersect  the  other  tangent;  measure 
pq  and  the  angles  it  makes  with  the 
tangents.  Then  the  sum  of  the  de- 
flections at  p  and  g  equals  the  central 
angle  A.  Solve  the  triangle  pqV 
and  find  Vp.  Having  decided  on 
the  radius  JB  of  the  curve,  calculate 
the  tangent  distance  VA  by  eq.  (21), 
and  lay  off  from  p  the  distance 
pA  =  VA  —  Vp  tx)  locate  the  point  ^®'  ^^• 

of  curve.      The  point  p  being  as- 
sumed at  random,  Vp  may  exceed  VA,  in  which  case  the  differ- 
ence pA  is  to  be  laid  off  toward  V 

In  case  obstacles  prevent  the  direct  alignmeiit  ol  wv^\vc\fc 
jR^  a  Mae  of  several  courses  may  be  subalitutft^  lot  \V  ^^ 
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explained  in  §§  46,  47,  48,)  from  which  the  length  of  pq  will 
be  deduced.  The  algebraic  sum  of  the  several  deflections  will 
equal  A. 

128.  To  locate  a  curve  when  the  point  of  curve  is 
inaccessible.    Fig.  17. 

Assume  auy  distance  Ap  on  the  curve  which  will  reach  to 
an  accessible  point  p.    Then  by  eq.  (19)  the  angle 

Ap'  =  R  sin  pOA 
p'p  =  It  vers  pOA 
Vp'  =  VA  -  Ap' 

Measure  Vp'  and  p'p  to  locate  a  transit  point  at  p;  and  meas 
urc  an  equal  offset  from  some  transit  point  on  the  tangent,  as 

qq'.  This  gives  a  linep^',  parallel 
to  the  tangent,  from  which  deflect  at 
p  an  angle  equal  to  pOA  for  the 
direction  of  a  tangent  through  the 
point  p. 

Instead  of  measuring  the  second 
offset  qq'  we  may  deflect  from  pq  an 

angle  found  by  tan  qpq'  =  -^  and  so 

obtain  the  line  p^  parallel  to  the 
1?^«  17.  tangent.    Or  we  may  deflect  from  p  V 

pp' 
the  angle  found  by  ta.n  pVp'  =^-  to  obtain  the  line  gfp  pro- 
duced, from  which  the  tangent  to  the  curve  at,  p  is  found  as 
above. 

Again,  we  may  lay  off  from  F,  the  external  distance  Vh 
found  by  eq.  (24)  or  Tab.  VI  on  a  line  bisecting  the  angle 
A  VB.  This  gives  us  h,  the  middle  point  of  the  curve,  and  a 
line  at  right  angles  to  h  V  is  tangent  to  the  curve  at  A,  from 
which  the  curve  may  be  located  in  either  direction. 

"^9  locate  a  curve  when  both  tlieNertcx  cwnA  ^«itedk 
jpe  inaceessil>le«    ^ig.  "^^. 
x>mtp  on  the  tangent  luu  aWne  p^  \a^&ia<]»^ 
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tangent,  and  so  detennine  pA  as  in  §  127.    Suppose  the  curve 
produced  backward  to  p'  on  the  perpendicular  offset  pp'. 

Then 

pA 
sin  p'OA  =  ^-jy-  and  pp'  =  B  vers  p'OA 

Having  located  the  point  p',  a  i)arallel  chord  p'q  may  l)e 
laid  off,  giving  a  point  q  on  the  curve,  since  p'q  =  2  X  pA, 
At  q  deflect  from  qp'  an  angle  equal  to  p'OA  for  a  tangent  to 
the  curve  at  g.         ' 
If  any  obstacle  prevents  using  the  chord  p'q,  any  other 


Fio.  la 


Fig.  19. 


chord  as  p's  may  be  used,  by  deflecting  from  p'q  the  angle 
qp's  z=:^{g08)  and  laying  oft  its  length, 

p's  =  2B  sin  (p'OA  +  qp's). 

At  «  a  deflection  from  the  chord  ap'  of  (p'OA  +  qp's)  will  give 
the  tangent  at  s. 

If  obstacles  prevent  the  use  of  any  chord,  the  methods  de- 
scribed in  g  131  may  be  resorted  to. 

1 30.  To  pass  from  a  curve  to  the  forward  tangent  wJien  the 
Point  of  Tangent  is  inaccessible.    Fig.  19. 

From  any  transit  point  p  on  the  curve,  near  the  end  of  the 
curve,  run  a  chord  parallel  to  the  tangent.    The  middle  point 
g  of  the  chord  will  be  on  the  radius  through  the  point  of  tan- 
gent B.    At  any  convenient  point  beyond  tliis  «Ai  oiSsftX  ^q^'8\ 
tojyf'  =  jR  vers  pOB  may  be  made  to  tViC  \.aii^T\\.,  wA  ^'^^ 
some  other  point  an  equal  offset  will  fix  the  dVtecXAOXL  c* 
fulgent 
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Otberwiae,  if  an  unobstructed  line  pq  con  be  found  it 
■ectiag  the  tongcut  aX  a  rcaaonalile  distance  from  B,  meas 
Qui  augle  ^pq  =pgp',  and  lay  off  the  distance 


in  Dx  the  point  g.    Then 


Bq  =p'g  —  p'B  =  pp'  cot  g'pg  —  S  sin  pOB. 

OthenMiK;  assume  an  arc  ot  nny  numlwr  of  stations  (rO 
p  to  ;'  ot)  the  curve  produced,  and  take  tbc  len^b  u 
from  Tub.  TIL     L«y  riff  pq'.  and  from  q'  lay  off  q*q  = 
i  q'OB,  perpendicular  tu  the  tangent,  to  locale  q.    ~ 
angle  jyj'j  =  B0°  —  q'pq',  and  the  distance  qB  =  R'dn  if  OB. 

131.  To  pansan  obstacle  on  a  curve.    Fig.  30. 

Froni  nny  Irunsit  point  A'  on  the  curve  take  the  direefti 
of  along  choi'd  wUicUwill  miss  the  obstacle,  ^A'B'. 
length  of  this  chord  is  2R 
V'A'B',  V'A'  being  tangent  to  tl 
curve  at  A'  (see  eq.  33),  and  i 
meaanring  this  distance,  the  po 
B'  on  the  curve  is  obtained. 
the  angle  VA'B'  is  made  equult 
the  deflection  for  an  exact  i 
of  stations,  llie  chord  may  b 
^    from  Tab.  VII. 

If  the  chord  which  will  clear  U 
obstacles  would  be  too  long  for  C< 
*^'  20-  Tcnience,  as  A'g'.  we  may  n 

apart  of  it  as  A'p',  and  then,  byij 
ordinate  to  some  station,  regain  the  curve  at  p.     Tlie  dlalai 
on  the  curve  from  A'  lo  p  being  assumed,  the  diatances  A 
and  p'p  are  calculated  by  the  methods  given  in  g  121  to  g  U 
If  p'p  can  be  made  a  middle  ordinate  tlie  work  will  bo 
Rlmplifled.     If  more  convenient  the  middle  ordinate  may 
be  laid  off  from  A'  to  p',  and  the  half  chord  aflerwi 
/"Soared  from  p'  to  locate  p. 

Again,  we  rmiy  calculate  the  a.\ixWaiY    \ivQgFm^  A'V 
J>oj^ assumed  length  of  curve  jl'fi'.aod  M   cS  ^"^^^  ''■"' 


■^'f^' »iid  V'B',    deflecting  i 
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VA'B'.  But  if  the  point  V  should  prove  inaccessible,  wo 
may  conceive  the  auxiliary  tangents  to  be  revolved  about  the 
chord  A'  B'  as  an  axis,  so  that  V  will  fall  at  V,  and  the 
lines  A'V  and  VB'  may  be  laid  out  accordingly.  If  these 
in  turn  meet  obstructions,  we  may  run  a  curve  from  A'  to  B' 
of  same  radius  as  the  given  curve,  but  tangent  to  -4 '  F"  and 
VB', 

Again,  the  entire  curve  or  any  portion  of  it  may  be  laid  out 
by  offsets  from  the  tangents,  or  by  ordinates  from  a  long 
chord,  as  already  explained,  §  119  to  §  126. 

In  case  any  distance  on  a  curve  must  be  measured  by  a  tri- 
angulation,  as  in  crossing  a  stream,  a  long  chord  may  be 
chosen,  either  end  of  which  is  accessible,  and  the  triangula- 
tion  is  then  performed  with  respect  to  this  chord  or  a  part  of 
it,  as  upon  any  other  straight  line. 

SPECIAL    FBOBLEMS  IN  SIMPLE  CURVES. 

132*  Qvoen:  a  curve  joinir^  two  tangents,  to  find  the  change 
required  in  the  radius  B,  and  external  distance  £,  for  an 
assumed  change  in  the  ifalue  of  the  tangent  distance  T.    Fig.  21. 


Let  T  =  AV=:  VB        and  T'  -  A'V=  VB' 
B  =  AO  "   B'  =  A'0,' 

E  =  VH  "   E'  =  VH' 


it 
<< 


Then  T—  T'  =  AA!  =  the  given  change. 

By  eq.  (25)  B  =  T  cot  i  A 

B'=  recti  A 


OG:==B-R'=.  (r-  T')  cot \A  VJS5^ 
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By  eq.  (26),  similarly, 

HH'  =E-JB!'  =  (T'-T')t8iiLiA  (49) 

Eqs.  (48)  (49)  give  the  changes  in  E  and  E  for  any  change 
in  T,  When  T  is  increased  M  and  HJ  will  be  increased  also, 
and  vice  versa. 

Example. — A  4°  curve  joins  two  tangents,  making  an  angle 
of  38°  =  A,  and  it  is  necessary  to  shorten  the  last  tangent  dis- 
tance 80  feet.  What  will  be  the  change  in  the  radius  and  in 
the  external  distance? 


Eq.  (48)  T-T' =80  log  1.903090 

iA  19°  log  cot  0.463028 


Ana.  B  -R'    232.34  log.  2.366118 

B  1432.69 


B'  =         1200.35      or  about  4°  46'  =  D'. 

If  the  tangent  distance  had  been  increased  80  feet  we  should 
add  the  above  to  B. 

B'  =  1665.03        or  about  3°  26'  =  i> ' 

Eq.  (49)        T-T'  =  SO  log  1.903090 

iA  9°  30'       log  tan  9.223607 


• 


Ans.  E-E'      13.887  log  1.126697 

133.  Given:  a  curve  joining  two  tangents,  to  find  the  cJiange 
required  in  the  radius  R,  and  tangent  distance  T,  for  any 
assumed  change  in  the  value  of  the  external  distance  E.    Fig.  21. 

We  suppose  HH'  given  to  find  OG  bm^lAA'. 

By  eq.  (24)  E  =B   ex  sec  i A 

E'  =  B'  ex  sec  i A 

OG  =  B-'B'  =-^'~^'  (50) 

Bj-eq.  (49) 
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Sample. — ^A  4°  curve  joins  two  tangents*  making  an  angle 
of  38°  =  A,  and  it  is  necessary  to  bring  the  middle  point  of 
the  curve  25  feet  nearer  the  vertex  V.  What  changes  are  re- 
quired in  the  radius  and  point  of  curve? 

Eq.  (50)     E-E'=  25  log  1.397940 

i  A  19°        log  ex  sec  8.760578 

Ans.        B-B'      433.87         log  2.637362 

B    1432.69 


B'    998.82  or  about  5° 44' =  D' 

Eq.  (51)    E-^E'  25  log  1.397940 

iA  9°  30  log  cot  0.776393 

T-T'        149.39  2.174333 

Or  the  P.  C.  will  be  moved  toward  the  vertex  149.39  feet. 

But  if  the  point  II,  Fig.  21,  were  to  be  moved  25  feet 
further  from  the  vertex  F,  then 

B'  =  1866.56  or  about  3°  04'  =  D' 

and  the  P.O.  will  be  moved  149.39  feet  further  from  the 
Vertex. 

It  is  preferable  to  assume  some  radius  from  Table  IV.  near 
tlie  value  of  B'  found  as  above,  and  from  this  calculate  the 
Value  of  r'  by  eq.  (21).  • 

134.  Given:  a  curve  joining  two  tangents,  to  find  the  change 
made  in  the  tangent  distance  T,  and  external  distance  E,  by 
any  assumed  change  in  the  valtLe  of  the  radius  B.    Fig.  21. 

By  eq.  (48) 

AA'  =  T-T'  =z(B-B')Xqsi^£^  (52) 

By  eq.  (50) 

HE'  =E-E'  ={B-B')cxseciA  (53) 

The  changes  calculated  by  eqs.  (52)  (5S)  y?\\\  \ift  ^Ai^a^Xsi  w 
subtracted  from  Tand  E  respectively,  accoxdViig  «a  ^Xi'i  x^^wxa 
"  increuaed  or  diminished. 
133^  Since  for  a  constant  value  of  llie  cenU^  «Ck^«^ 
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the  homologous  parts  of  any  two  cunres  are  proportional  to 
each  other,  we  may  write  at  once 


J?'  _  7?^    _  7?-^'  _  p^'  —  T>^' 


.^XC  m^Xid  <«,    0  _.     iff 

""-  B    "     E    "~C    ~^if 


(5« 


r 

etc  etc.  etc. 

136*  Oi'cen:  a  curve  joining  two  tangents,  to  change  Ute 
position  of  the  Point  of  curve  so  tTiat  the  curve  may  end 
in  a  parallel  tangent.    Fig.  22. 

Let  AB  be  the  given  curve,  AV,  VB  the  tangents,  and 
F'J?' the  parallel  tangent.    Then  VV  is  the  distance  from 

one  vertex  to  the  other;   and  since 
there  is  no  change  in  the  form  or 
dimensions  of    the   curve,  we  may 
conceive   it    to   be   moved   bodily, 
parallel    to    the   line  AV,   until  it 
touches  the  line  VB',  when  every 
point  of  the  curve  will  have  moved 
a    distance    equal   to  W.     Hence 
AA'  z=  00'  =z  BB'  =z  VV.     There- 
fore,  run  a  line  from  B  parallel  to 
AVy  intersecting  the  new  tangent  in 
B\  measure  BB\  and  lay  off  the  dis- 
tance from  A  to  find  A\     In  the  figure  the  new  tangent  is 
taken  outside  the  curve,  and  so  A '  falls  beyond  A,  but  if  the 
new  tangent  were  taken  inside  the  curve  at  VB",  the  new 
P.  G.  would  fall  back  of  A  at  some  point  A", 

If  the  parallel  tangent  is  defined  by  a  perpendicular  offset 
from  B,B&Bp;  since  the  angle  BB'p  =  A 


Fig.  22. 


AA'  =  BB'  = 


Bp 

sin  A 


(55) 


137.  Given:   a   curve  joining  two  tangents,   to  find   the 
i^dius  of  a  curve  that,  from  the  same  Point  of  curve,  wiU  end 
in  a  parallel  tangent.    Fig.  23. 
Let  AB  he  the  given  curve,  AV,  VB  the  tangents,  and 
riff '  the  paraUel  tangent;  and  let  AO-B.  and  AO'  -  R' . 
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Since  the  central  angle  A  remains  unchanged,  the  angle 
^A  between  the  tangent  and  long  chord  remains  unchanged; 
therefore  V'AB'  =  VAB,  and  the  new  point  of  tangent  is  on 
the  long  chord  AB  produced.  Find  on  the  ground  the  inter- 
section of  V'B'  with  AB  produced 
and  measure  BB',  In  the  diagram 
draw  Be  parallel  to  ^0,  then  BeB'  = 
A,  and  by  eq.  (22) 


but 


BB'  =2^siniA 

Be=00'  =  B'-B 
BB' 


B'  =  B  + 


2  sin  i  A 


(56) 


Fig.  23. 


The  +  sign  is  used  when  B'  is  be- 
yond B,  SiS  in  the  figure;  but  if  the 

parallel  iangent  is  within  the  given  curve  it  will  cut  the 
chord  in  some  point  B ',  and  then  the  —  sign  must  be  used, 
since  B '  will  evidently  be  less  than  R, 

If  the  parallel  tangent  is  defined  by  a  perpendicular  offset, 
as  Bp  =  B'f;  since  BeB'  =  a 


Bp  =  Be  vers  a  ={R'  —  R)  vers  A 


R'  =  R  + 


Bp 


vers  A 


(57) 


Add  or  subtract  as  explained  above. 

If  the  long  chord  C  =  AB  is  known,  then  the  new  long 
chord  C  =  AB'  or  AB'  =  C  ±  BB',  and  by  eq.  (54) 


R'=R 


G  ±  BB' 


(58) 


138*  Given:  a  cut've  joining  two  tangentSy  to  chomge  the 
radius,  and  also  the  Point  of  curve,  so  that  the  new  curve 
may  end  in  a  parallel  tangent  directly  opposite 
the  given  Point  of  tangent.    Fig.  24. 

Let  AB  be  the  given  curve,  A  7,  JTB  the  \.a,ii?,eii\.^,  V*  B'  ^^ 
mralJel  tangent,  and  B'  the  given  tangent  point  on.XXv'a^^^^^a^ 
Wproduced, 
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In  the  diagram,  produce  the  tangent  J.  F  and  the  radius  OB 
to  intersect  at  K.    Then 

BK=  Rexsec  A 

^'JE'  =  i2'exsec  A 
Subtracting  we  have 

BB'  =  (B-B')exBec  A 

BB' 


B-R'  = 


exscc  A 


from  which  B'  is  easily  determined,  as  in  §§  133  and  133. 


/.-». 


Fio.  24. 


Fio.  25. 


To  find  the  change  A  A'  of  the  P.O.,  in  the  diagram  draw 
O'G  parallel  to  A'A\  then 


or 


0'G^=OG^tan  A 
AA'  =  {B  -  B')  \Si,n  A 


(60) 


By  substituting  the  value  of  {B  —  B')  from  eq.  (59)  and  ob- 


serving Table  II.  42  we  have 


AA'  =BB'  X  cotiA 


(61) 


Observe  that  eqs.  (59),  (60),  and  (61)  may  be  derived  directly 
from  eqs.  (50),  (52),  and  (51)  respectively  by  writing  A  for  iA. 

Ir9i^»   Gwen:  a  curve  j(Hniiig  t\no  tangents;  tx)  jlud  tlve  Tkfc"^ 
tansreut  points  after  eacli  tangewt  1«^8  heci^.  \s\wj« 
Parallel  to  itself  any  distance  in  either  directwy^.    ^S^« 
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and  B  be  the  given  tangent  points,  and  A'  and  B' 
tangent  points  required.     Let  the  known  perpendicu- 
nces  Aq  =  a,  and   Bp  =  b.     We   then  require    the 
1  parallel  distances  qA'  =  x  and  pB '  —  y. 
the  form  and  dimensions  of  the  curve  remain   un- 

we  may  conceive  the  curve  to   be  moved   bodily 
new  position  on  lines    parallel   and   equal   to  the 

joining  the  vertices.     Then  AA'  =  00'  =BB'  = 

diagram  draw  FJ5r  parallel  and  equal  to  Bp  =  b  and 
•allel  and  equal  to  Aq  =  a.  Then  VH=  qA  =  x,  and 
3'p  =  y.    Since  VGV  =  A,  we  have 


VG  =  -J—  and  0H=      ^ 


sin  A 


tan  A 


VH=  VG-GH=x 


x  = 


a 


sin  A 


y  = 


tan  A 
a 


tan  A      sm  a 


(62) 


the  new  tangents  are  outside  of  the  given  curve,  the 
and  b  are  considered  positive;  if  either  new  tangent 
dde  of  the  given  curve  its 
►uld  be  considered  negative, 
ig  eqs.  (62)  if  x  and  y  are 
)  be  positive  they  are  to  be 
foi^ards  from  q  and  p,  as 
!5;  if  either  is  found  to  be 

it  is  to  be  laid  off  in  the 
direction. 

ole. — A  certain  curve  has  a 
ingle  of  50°  =  A ,  and  it  is 
I  to  move  the  first  tangent  -p^o^  cjj^ 

it  and  the  second  tangent 

t    Required,  the  distanxies  on  the  taa^etA&itw«v\Jaa 
i  points  to  the  new.      Fig.  26. 
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Here  a  =  —  20  and  ft  =  +  12 


+  5    12 
A       50" 


1.079181 
log  sin  9.884254 


15.665 


J.  194927 


—  a    20 
A       50° 


1.3O1O30 
log  tan  0.076186 


16.782 


1.224844 


X  =  15.665  -  (- 16.782)  =  +  82.450 


+  J    12 
A       SO** 


1.079181 
log  tan  0.076186 


10.069 


1.002995 


—  a    20 
A       50** 

-  26.108 


1.3O1O30 
log  sin  9.884254 


1.416776 


y  =  10.069  -  (-  26.108)  =  +  36.177 


For  -J-  a  and  —  b 


For  +  a  and  +  b 


For  —  a  and  —  b 


«  =  -  32.450 
y  =  -  36.177 


«=-    1.120 
15.939 


1 


x  =  +   1.120 
+  15.939 


\y  = 


If  we  have  a  and  x  given  to  find  b  and  y:  Solving  eqs. 
for  b  and  y  we  obtain 


ft  =  «  sin  A  -f  - «  cos  A 
y  =  ic  cos  A  —  a  sin  A 


( 


(68) 


In  which  the  algebraic  signs  of  the  quantities  must  be  ob- 
served as  above. 

140.  Gvoen:  a  curve  joining  two  tangents,  to  find  a  new 
Radius  and  new  position  of  the  Point  of  curvey  sfock 
that  the  curve  may  end  at  the  same  point  <m  before^  btU  with 
a  given  change  in  the  direction  of  the  forward  tangent. 
F)^.  27. 

Let  AB  be  the  given  curve,  AY,  VB  \)aB  ^^wi  VKtt^\3L\&, 
^'^  the  new  tangent,  and  VBV  ttie  given  c\»ji^^  m  ^casfc- 
iJon.     Let  ^  '  =  A  +  VBV. 


r    • 

I- 
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In  the  diagram  drawBG  perpendicular  to  ^F  produced; 
then 


BO  =  B  vers  a 
=  B'  vers  a' 


Hence 


and 


B'  =  B 


vers  A 
vera  a' 


(64) 


AA'  =  AG-  AG  =  ^  sin  A  -  ^'  sin  a'        (65) 


In  the  figure  the  change  in  direction  of  tangent  makes  a' 
greater  than  A ;  therefore  V  falls  beyond  V,  and  A'  beyond 


Fio.JW. 


FzQ.28. 


A;  but  if  the  change  made  A'  less  than  A,  then  V  and  A' 
would  fall  behind  F  and  A  respectively,  and  B '  would  be 
greater  than  B. 

The  same  formulsB  apply  to  the  converse  problem  in  which 
B  is  taken  as  the  point  of  curve,  and  A  and  A'  as  points  of 
tangent 

141*  Cfwen  a  curve  joining  two  tangents,  to  find  the  change 
in  th€  Point  of  curve  when  the  forward  tangent  takes  a  new 
direction /r^wi  the  vertex  V.    Fig.  28, 

By  eq.  (21) 

F4  =  i?  tan  i  A,    VA  =  iJ  tan  ^a' 


AA  —  B  (tan  i  a  —  tan  i  a') 


(66) 


14b2w^  OtPen:  a  eurve  joining  two  tangenU,  to  jlud  thA  •!««» 
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radius,  B^  vohen  the  forward  tangent  takm  a  new  direc- 
tion from  the  vertex,  V.    Fig.  29. 
By  eqs.  (21)  (25) 


F-4  =  i2taniA,    i2'=F^cotiA' 
^'=:iJtaiiiA  cotiA' 


(67) 


143.  Given:  a  euree  joining  two  tangents,  and  a  given 
change  in  the  direction  of  the  forward  tangent  from  the 
vertex,  to  find  the  radius  and  point  of  curve  of  a  cvne 
that  shall  pass  at  tfie  same  distance,  YH,  from  th.  vertex. 
Fig.  30. 

Let  AB  be  the  given  curve,  BVB'  the  given  change  in 


Fio.29. 


Fio.  30. 


direction  of  tangent,  and  FH'  =  FS".    Let  a'  =  A  +5F^' 
then  eq.  (24) 

Fff=i2exseciA  =  FF' =i2' ex  seciA' 


B'  =  B 


exsec  iA 


By  eq.  (28) 


exsec  i  a' 


(68) 


FA=FFcotiA,     VA'  =  VH'cotiA' 
AA'  =  F5'(cot  i  A  -  cot  i  A'^ 


(69) 


But  in  case  A'  =  A  —  BVB\  AA'  becomes  iLie^Vvi^ 
^ust  be  laid  oft  backward  from  A. 


SIMPLE  GUBYS8.  83 

.SBowpie.— Given  a  2°  curve,  A  =  80°  and  J5FB'  =  -  10** 

.\  A' =  70° 

B  log  3.457114 

^A  40°  log  exsec  9.484879 

FZr       87497  2.941993 

^A'  35°  log  exsec  9.343949 

B'  1°  27' nearly  3.598044 

iA  *         20°  cot  2.74748 

iA'         17°  30'  cot  3.17159 

-  0.42411 
/ 
AA'  =  874.97  X  (-  .42411)  =  -  371.08 

and  must  be  laid  off  backward  from  A, 


144.  Given:  tvoo  indefinite  tangents,  a  point  situated  be- 
tween them,  a/nd  the  angle  a  ,  to  find  the  radius  R,  and  tan- 
gent distance  H!  of  a  curve  joining  tJie  tangents  which  sJiall  pass 
through  the  given  point.    Fig.  31. 

If  the  given  point  is  on  the  bisecting  line  VO,  as  U,  meas- 
ure VH  =  B,  and  find  5  and  T  as  in  §§  97,  98. 
When  the  given  point,  as  P  is  not  on  the  bisecting  line  VO; 

if  a  line  OK  is  passed  through  P  per- 
I)endicular  to  VO,  it  will  be  parallel 
to  any  long  chord,  as  AB,  and  the 
angle  VQK—\A.  The  curve  pass- 
ing through  P  will  intersect  OK  in 
some  other  point  P'\  the  line  OK 
is  bisected  by  the  line  VO  at  /,  and 
P/=  PL 

If  the  given  point  P  is  located  by  a 
perpendicular  offset  from  the  tangent, 
^**-*^*  as  PL;   in  the  triangle  PLO,  10  = 

PL  cot  iA.  Lay  off  LO,  and  at  O  deflect  VOK=  iA,  and 
measure  GP  and  PK.  Since  by  Geom.  (Tab.  I.  24)  OA*  = 
GP'  X  GP,  and  GP'  =  PK; 


GA=  VOP  X  PK  ^"^ 
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Lay  off  GA;  andJ.  is  the  Point  of  curve, -4.  F=  T,  and 
^  =  ^FcotiA. 

If  tlie  given  point  were  located  by  an  offset  from  BV,  find 
B  first,  and  make  VA  =  BV, 

li  tlie  given  point  P  is  located  by  a  perpendicular  offset 
IP  from  the  bisecting  line  VO;  produce  IP  to  intersect  the 
tangent  at  G  and  measure  PG,    Since  P'G=GP+  2PI 


GA-  VGP(GP+2PI) 
whence  we  have  the  point  of  curve  A,  as  before. 


(71) 


145*  Given:  a  cwrw,  AP,  and  the  radial  offiSet  PP' 

to  find  a  curve  which  shall  pass  through  the  point  P ',  start- 
ing from  the  same  point  of  curve  A.    Fig.  82. 


Fio.SS. 


Let  b  =  PP',  and  in  the  diagram  draw  P'G'  parallel  to  the 
common  tangent  AX,  and  join  AP\    Then 

P'G'  =  {B±b)8in  A 
GA  r=M-^(Ii  ±  5)  cos  A 


taniA'  = 


B 


GA 


P'G'       (B±b)  sin  A 


—  cot  A 


„,        P'G'       (i?±5)sinA 


sin  A' 


sin  a' 


(72) 


(73) 


When  the  offset  is  outward  use  i2  +  5,  when  it  is  intoard 
use  B  —  b. 

Example.— Givan:  a  3°  curve  of  16  stations  and  a  radial 
offset  of  205  feet  inward  from  the  PT,  to  find  the  radius  of 
^e  curve  passing  through  the  extremity  ol  t\ift  oftafeV 
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Here  A  =  3°  X  16  =  48°;  and  ft  =  205. 


i?    3°  = 

A    48° 

=    1910.08 
1705.08 

1.50742 
cot  .90040 

log  3.231745 
log  sin  9.871073 

P'G' 
Br 

A    48° 

3.102818 
log  3.281051 

0.178283 

iA' 

tan  .60702  = 

:  31°  15i' 
2 

A' 

P'G' 

62°  31'                log  sin  9.947995 

log  3.102818 

iJ' (about  4°  01').    Am,  3.154823 

If  the  same  offset  were  made  outside  of  the  curve  we  should 
find  R'  log  3.438350,  or  about  a  2°  05'  curve. 

This  solution  is  inconveniently  long  for  ordinary  field  prac- 
tice. When  the  offset  is*  small  compared  with  the  length  of 
curve,  we  may  use  the  following 

Approximate  Rule :  Divide  twice  the  offset  &  by  the 
length  of  curve,  look  for  the  quotient  in  the  table  of  nat. 
sines,  and  take  out  the  con-esponding  angle,  which  multiply  by 
100,  and  divide  by  the  length  of  curve.  The  quotient  is  the 
correction  for  the  given  degree  of  curve;  to  be  subtracted  when 
the  offset  is  made  outwa/rdy  and  added  when  the  offset  is  made 
inward. 

This  rule  is  expressed  by  the  formula 

^      ^     100   .     _i26  ,„.. 

ly  =Dt  -J- sm       -J-  (74) 

Taking  the  same  example,  we  have 

%-  =  sin  14°  51' 

100 
snd  correction  =  W  5V  X  ^~  =  qp  0**  Sft' 

Hence  IT  =  S""  56'  or  jy  =:,  2r  04' 
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THE    VALVOID. 

146.  Ovoen:  any  number  of  circular  curves  of  equal  length 
Ly  all  starting  from  a  common  point  of  curoe  A^  in  a  common 
tangent  AX,  to  find  (he  equation  of  the  curve  joining 
their  extremities.    Fig.  33. 
Let  AP  be  any  one  of  the  given  curves, 
R  =  its  radius  AO, 
7)  =  its  degree  of  curve, 
*•'    A  =  its  central  angle  AOP, 
**    C7  =  its  loner  chord  ^P. 


(( 


*t 


Fia.  33. 

By  substituting  the  value  of  R  from  eq.  (16)  in  eq.  (22)  we 
have 

sin  iA 


C7=100 


sin  i2> 


(75) 


Substituting  in  this  the  value  of  D  from  eq.  (20)  and  letting 

G  Jj 

(theta)  9  =  |A,  (rho)  p  =  ^r^  and  -^=  f^»  we  have  for  the 

polar  equation  of  the  required  curve 


P  =  - 


sin  9 


9 


(76) 


in  which  p  is  the  radius- vector    AP,  B  the  variable  angle 

^AJ^,  the  unit  oi  measure  is  one  side  ot  \Xi<&  Vojaitf&steJ^^^Sci^ 

^y  which  the  circular  curve  AP  \s  measviie^>  «»^  IS  iQafcTsNisa. 

^er  of  these  sides  in  the  length,  oi  tYve  cvmw^  A^,  ^'I  ^ 
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conditions  of  the  problem  iV  is  constant,  but  0  may  have  any 
value  whatever.  If  we  let  9  vary  from  0"*  to  +  180"  and  from 
0"  to  —  180*'  the  point  X  will  describe  the  curve  XP'PA 
shown  in  the  figure,  which  is  called  the  Valvoid  from  its  re- 
semblance to  the  shell  of  a  bivalve.  All  circular  curves  tan- 
gent to  AX  at  A  and  having  a  length  L  =  AX  will  terminate 
in  the  valvoid,  and  the  line  PP'  joining  the  extremities  of 
any  two  of  them  is  a  chord  of  the  valvoid. 

147.  To  find  a  tangent  to  the  valvoid  at  any  point 
P.    Fig.  34     See  Appendix. 
Differentiating  eq.  (76) 


dp 


=.( 


1  6 

cot  0  —  -r^^  cot  -^ 


) 


(77) 


which  is  essentially  negative,  since  p  is  a  decreasing  function 
of©. 

Let  (phi)  <p  =  APGj  tfie  angle  between  the  radius  vector 
and  the  normal  PQ. 


1  9 

tan  (p  =  -zrzr  cot  -^^  —  cot  0 


(78) 


The  line  PK  perpendicular  to  PG  is  tangent  to  the  valvoid 
at  P,  and  PT  perpendicular  to  PO  is  tangent  to  the  curve  AP. 

Then  APV  =  B  and  {rPG  =  0  -  ^,  and  letting  i  =  OPK  = 
VPG, 

i  =  B  —  (p  =  iA  —  (p  (79) 

Therefore,  to  obtain  Ihe  direction  of  a  tangent  to  the  val- 
void at  any  point  P,  deflect  from 
the  radius  PO  an  angle  equal  to 
t  =  (i  A  —  (p\  on  the  side  of  PO 
farthest  from  tlie  point  ot  curve  A. 

The  value  of  i  may  be  found  by 
cqs.  (78)  (79),  but  we  are  saved 
this  somewhat  tedious  calculation 
by  the  use  of  Table  X.  1,  which' 

contains  values  of  the  ratio  —  =u  ^^®-  ^• 

A 

for  various  values  of  a,  and  length  of  cuTve  L.    ^\i\\A\Ji:fv\^^ 
A  hy  the  proper  to&uiated  number  gives  t.Yie'^a^xxft  ol  x  ■=■  OPB^ 
at  once;  or 

*  =  (iA  -  <p)=:UA.  ^^^ 
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148.  To  find  the  radius  of  curvature  of  the  valwid 

at  any  point  P.    See  Appendix. 
Differentiating  eq.  (77)  we  have 


=  P  [-1-^  cote  cot  J.  + -1^(2  cot«-^  +  ijJ 


The  general  formula  for  the  radius  of  curvature  of  polar 
curves  is 

r  = 


{ 


Substituting  in  this  the  values  of  p,  ^,  and  -z~,  and  putting 

* 

(1  0  \ 

-j^  cot  ^  —  cot  0  I  =  a  we  have  after  reduction, 

p           (1  +  ««)* 
r  =  -I" -i^-^ (81) 

l-3^-«cot0 

This  formula  being  too  complicated  for  convenient  use  in 
the  field,  its  use  is  avoided  by  referring  to  Table  X.  2,  which 

T 

contains  values  of  the  ratio  y  =  «  f or  various  values  of  A  and 

X.  Multiplying  the  given  value  of  L  by  the  proper  tabular 
ratio,  gives  the  value  of  the  radius  of  curvature  of  the  valvoid 
for  a  short  distance  either  way  from  the  given  point  P;  or, 

r  =  vL  (82) 

149.  To  find  the  len^h  of  arc  of  the  ealvoid  corre- 
sponding to  a  change  of  one  degree  in  the  value  of  the 
angle  A.    Fig.  35. 

From  any  chord  AP  suppose  a  deflection  of  i  degree  to  be 
made  each  way  to  Ap'  and  Ap"  •,  then,  t^ie  wi^Va  p'  Ap"  =  V  = 
the  change  in  6,  and  since  a  =  29,  tins  m^^'^^  «b  O^ivasi^t^  ^W 
XD  the  value  of  A .     We  then  requite  to  Vtno^  \Saft  \«u^Sa.  ^ 
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the  arc  p'p'^  and  we  may;  without  sensible  error,  consider  it 
to  be  described  by  the  radius  of  curvature  r  —  Fo  for  the 
point  P,  through  an  angle  jp'tf>p'.    Now 


^'(yp'  =  Xff]^  —  X&p' 

2 

By  eq.  (80) 

^'  =  -|^(l-2u') 


=  (-f+-')-(x---)- 


+  9>'  -  9>' 


-2t*') 


Fig  .86. 

and  since  €fl  is  bo  nearly  equal  to  q>'  we  may  assume  v!  = 

A'-  A' 


tt'  =  t*  ;    hence  <p'  —  9>'  = 


(1  —  2w)  and  p'op'  — 


(A'-  A'Xl-'i*). 

But  the  condition  of  the  problem  requires  a'  —  a''  =  1°, 
hence  p'op'  =  (1  —  1*)°. 

Therefore  the  length  of  arc  jp'p'  for  a  change  of  1°  in  the 
value  of  A  is 

?,  =  r  (1  —  -w)  X  arc  1' 

or  (Tab.  XVn.)       ?,  =  r  (1  -  w)  .0174533 

and  since  r  =  vL  (Tab.  X.  2), 

?,  =  t)  (1  - 1*)  Z  .0174533  (83) 

By  this  formula  Table  X.  3  has  been  prepared,  for  various 
values  of  a  and  L, 

ISO.   Given:  two  curves  of  tke  some  leagtTi  L  Taj*  c(J 
B^anw/  roM;  starting  from  the  some   point  of   ourue  iiw  « 
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common  tangent,  to  determine  the  dilrection  emd  len^h  ^ 
a  line  joiuiiigr  their  extremities.    Fig.  96. 

Let  AX  be  the  common  tangent,  and  AP,  AP  the  twB 
curves,  to  determine  the  direction  and  length  of  P'P', 

If  we  take  the  iK)int  P  on  the 
arc    P'  P'  determined   by  the 


angle   A  = 


_  A'+ A 


and  draw 


K    o"    o  c 

Fio.  86. 


a  tangent  PK  to  the  valvoid  at 
P,  we  may  assume  without  ma- 
terial error  that  the  chord  P'P' 
will  be  parallel  to  PK  for  any 
value  of  P'  P'  not  exceeding 
iL,  a  limit  not  likely  to  be  ex 
ceeded  in  practice. 
Let  0  be  the  centre  of  the  curve  AP  fixing  the  point  P; 

then  AOP  =  ^^— ,  and 

nn-Er  .  a'  +  A* 

OPK=  t  =  u ^ 

Since  PP  is  assumed  parallel  to  PK, 
PP''0''  =  KOO''=  A'-K=  A'-  ^-i-^(l-tt) 

.-.        i"P'0'  =  ,-=^'<^  +  "');^'(^-«'>        (84) 


Similarly  producing  P'P  to  any  point  ff, 

HPO'  =  ^'  = 
whence  also 


,_..,_  A-(l+t^')-  A- (1-^') 

2 


t   =  t    -f-  A    —   A 


(85) 


(85)' 


The  slight  error  involved  in  the  above  assumption  is  cor- 
rected by  taking  out  the  value  of  u  (Table  X.  1)  correspond- 
ing to  a",  the  less  of  the  two  given  central  angles;  we  have 
therefore  written  u  with  the  double  acceiit  in  ec^^Uons  ($^ 
and  (85). 


SIMPLE  CUBTES.  91 

When  €  and  C  are  positiye,  they  will  be  deflected  as  in 
Fig.  36,  on  the  side  of  the  rfuSlxafarthegtfram  A  ;  should  %'  be 
negative  it  will  of  course  be  deflected  from  P'O'  toward  A. 

The  arc  P'P"  corresponds  to  a  change  of  the  central  angle 
from  a'  to  a"  ;  hence 

r  :  A'- A'  ::  I,  :  P'P' 

or 

P'P'  =  (A'~  A")?,  (86) 

in  which  I,  is  taken  from  Table  X  3  for   Z  =  AP,  and 

A'+A' 

As  in  practice,  the  distance  P'P"  is  usually  small  compared 
^ith  L,  the  arc  and  chord  will  be  almost  identical  and  no 
further  calculation  is  necessary.  .If  P'P"  is  large,  it  will  be 
found  that  equation  (86)  gives  the  length  of  arc  very  correctly 

A  '    —     A  " 

When  5 does  not  exceed  20°,  and  the  length  of  cJuyi^d 

when  — ^ —  exceeds  60° ;  for  intermediate  mean  angles  it 

gives  a  value  to  PP"  between  that  of  the  arc  and  chord. 
The  arc  PP'  may  be  considered  to  be  described  by  the  radius 

A  '     I       A  ' 

r  =  'oLy  V  being  taken  for  — ^ (Table  X.  3),  and  its  total 

curvature  is  found  by  multiplying  its  length  by  the  degree  of 
curve  corresponding  to  r  (Table  IV). 

Example.  Given,  a  2°  80'  curve,  and  a  1°  curve  of  12  stations 
each  from  the  same  PC,  to  determine  the  distance  between 
their  extremities. 

A'  =  21°  X  12  =  30°,        A*  =  12°,        •^-^-  =  21°, 

A' -A' =  18°,  t^''=. 33446 

Eq.  (84).   i"  =  2°.9787  =    2°58'25'' 

Eq.  (85)'.  i'  =  i'  +  A'  -  A"  =  20°.9737  =  20°58'25'' 
Eq.  (86).   Arc  P'P'  =  18°  X  10.425  =  187.65  ft.    Ans. 

Eq.  (82).   r  =  1200  X  .7479  =  897.48  ft.  =  (say)  a  6°23'  curve. 
Total  curvature,  P'P'  =  6°.883  X  1.8765  =  11° .9777. 
{Tbe  distance  P'P"  may  be  found  by  aoVAii^  >i>aa  XxNJMi^^ 

'oimed  bjr  itself  and  the  long  cliordB  oi  tYkfe  cva^ee^  AP'  > 

fP'.) 
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151.  CHven :  a  curve  AP,  to  find  a  ewrve  sUMrUngfr&m  ikt 
mme  paint  A,  that  shaU  8h\ft  the  station  P  an$f  desired  dU-  J' 
tanee  PP'  to  the  right  <yr  left.    Fig.  86. 

Before  we  can  determine  what  distance  PP'  is  desired,  we 
must  know  (approximately)  its  direction.  We  have  giTen, 
therefore,  D,  L,  and  a  to  find  the  angle  OPP\  and  (after 
measuring  PP')  to  find  a'  and  i>'. 

The  solution  is  necessarily  somewhat  approximate,  yet 
close  enough  for  all  practical  purposes.  For  if  the  required 
value  of  i>'  were  obtained  precisely ,  it  "would  probably  inyolve 
some  seconds,  and  would  therefore  be  discarded  in  favor  of 
some  value  in  even  minutes. 

Wlien  P'  is  inside  the  given  curve  : 


Eq.  (80). 
Eq.  (82). 


%  =  OPK  =  UA.    Table  X.  1. 
r=^P}      =vL.      Table  X.  2. 


Let  d  (delta) 
Table  IV. 


=  degree  of  curve  corresponding  to  r,  by 


OPP'  =  i-^'\8  nearly. 


Eq.  (86). 


A'  =  A  +  ^.    Table  X  8. 


Instead  of  taking  I,  from  Table  X.  8  for  the  exact  value 


of  A  it  is  well  to  take  it  for  the  estimated  value  of 


A'+A 


Eq  (30). 


^=^'' 


When  P'  is  outside  of  the  given  curve : 
180'*  -  OPP  =  {+  ^  •  ^  nearly. 


A'=  A  - 


PP  _  100 


^^eample.  Given,  a  4*'  curve  of  800  ieet,  ot  l.  =^^  \«^^aA 
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a  curve  from  the  same  P,  C.  which  shall  shift  the  last  station. 
in,  about  55  feet.    (Fig.  86.) 

»  =  32°  X  .3355  =  10^736 
r  =  800  X  .7450  =  596,        .'.   d  =  ^  36'  =  9".6 

55 


OPP'  =  10^736 


100 


X  4°.8  =  S**  06' 


55 


^'=^"+6:17=^^ 

40° 
jy  =  ^  =  5°.    Ans, 

o 

For  a  5"*  curve,  the  true  distance  PP'  =  55.53 
**   *«  4°59'  **      **      "  *'        PP'  =  54.60 

which  proves  this  method  practically  correct. 

152.  Gvcen :  a  tangent  and  curve,  and  a  straigrht  line 
intersecting^  them,  making  a  given  angle  with  the  tangent  at 
a  gioen  point,  to  determine  the  distance    on   the   line 
:  from  the  tangent  to  the  curve.    Fig.  37. 


Fig.  87. 

We  have  OA,  AO,  and  the  angle  -4 G^P  to  find  OR 

JR 


tAJiAGO  = 


AG 


PGO  =  AGO  -  AGP 


X    rnyr      OG   .    -.^^      sinP^O 
sin  OPI  =  -:^  sm  PGO  = 


Ji 


sin  AGO 


/yg-  ^sin(OPI^PQO) 
sin  PG^O 
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When  AGP  =^  AGO,  eq.  (24), 

GP^B  exsec  (90*  -  AGO) 
When  AGP=  90°,  §§  (92),  (119), 

GP-R  vers  POA,        em  POA  =  ^ 
When  ulG'P'  >  AGO,  we  have 
P'(?0  =  AGP'  -  ^GO 
but  the  other  formulse  remain  unchanged. 

ExampU.—LQi  R  =  955.37,  ^G^  =  350,  AGP  =  40* 


R        955.37 

AG    350. 

^(70 

69°  52'  47' 

^(7P 

40° 

PGO 

29°  52'  47' 

AGO  ^9"  52'  47' 

OP/ 

32°  02'  36' 

log  2.980170 
log  2.544068 

U)g  tan  0.436102 


log  sin  9.697387 
log  sin  9.972653 

log  sin  9.724734 

POG  2°  09' 49'  log  sin  8.576953 

8.879566 
R  log  2.980170 

PG  72.40    Ans.  log  1.859736 

This  problem  may  be  used  in  passing  from  a  tangent  to  a 
curve  when  the  tangent  point  is  obstructed.  The  distance 
^Pon  the  curve  is  defined  by  the  angle -4  OP,  which  is  readily 
found. 

If  ^OP'  >  2^GfO  the  line  will  not  cut  the  curve. 

153.  Given :   a  curve  and  a  distant  point  io  find  a 
tangrent  that  shall  pass  tlirougli  tliei  \>oVut>»    Fi^.  38. 
We  have  the  curve  ddg  and  the  point  P  N\^V\>\a,\sv3i\,  ^SsNaai^ 
Unknown,  to  find  the  point  of  tangent  B. 
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/ 


G, 


Any  chord,  as  6/,  parallel  to  the  required  tangent,  if  pro- 
duced will  pass  the  point  P  at  a  perpendicular  distance  equal 
to  the  middle  ordinate  of  that  chonl.  Ranging  across  every 
two  consecutive  stakes  on  the  curve  we  at  first  find  the 
range  falling  outside  of  the  required  tangent,  as  bcQ,  cdH, 
etc. ;  but  finally  the  range  falls  inside,  as  cleK.  We  then  know 
that  the  required  point  is  between  c  and  e.  / 

If  the  range  ce  falls  inside  the  point  P,  a 
perpendicular  distance  equal  to  the  middle 
ordinate  of  <•«,  the  tangent  point  is  at  d. 
If  the  perpendicular  distance  is  greater 
than  this,  the  point  B  is  between  c  and  d. 
If  less,  or  if  the  range  ce  falls  outside  of 
P,  the  point  B  is  between  d  and  e.  The 
middle  ordinate  for  ce  (200  feet)  equals  the 
tangent  offset  for  100  feet,  given  in  Tab. 
rV.,  and  it  is  generally  so  small  that  it  can 
be  estimated  at  P  without  going  to  lay 
it  off. 

To  find  the  exact  point  B,  when  it  falls 
between  d  and  e,  find  by  trial  a  point  x 
on  the  arc  cd  in  range  with  e  and  a  point 
inside  of  P  a  perpendicular  distance  equal 
to  the  middle  ordinate  of  ex.  The  point  B 
is  at  the  middle  point  of  the  arc  ex.  If 
the  point  B  is  between  c  and  d,  stand  at  c 
and  find  a  point  x  on  the  arc  de  in  the  same 
way.     P  is  at  one  half  the  arc  ex. 

The  middle  ordinate  of  any  chord  ex  is  Fio.  88. 

less  than  M  for  200  feet,  and  greater  than  m  for  100  feet.     If 
necessary,  its  exact  value  m'  can  be  found  by 


,  _m  X  ex* 

*^  ""TooooT 


(87) 


and  this  equation  is  nearly  true  when  ex  is  as  great  at  800  or 
400  feet.  That  is,  middle  ordlnates  on  the  same  curve  are  to 
each  other  as  the  squares  of  their  chords  teri/  nearly. 

By  this  method  the  point  B  is  found  without  the  use  of  the 
transit,  so  that  the  plug  can  be  driven  at  B  beiore  XYie  \x^^^ 
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is  brought  up  from  the  rear.    It  is  therefore  preferable  to  the 
following  solution.    Fig.  39. 

From  any  two  points  a  and  e  of  the  curve  measure  tiie 
angles  to  the  point  P,  so  that  with  the  chord  04;  as  a  base, 
and  the  measured  angles,  we  may  find  eP  by  the  formula 

sin  caP 


eP  =  ac 


sin  -^Pa 


Knowing  the  angle  e  that  cP  makes  with  a  tangent  at  c,  we 
find  the  length  of  the  chord  cd  hy  cd  =  2Ba\xi  e. 
By  Geom.  Tab.  I.  24, 

PB=Pe=  VePxdP 

whence  we  know  ce.    Opposite  e,  or  on  the  arc  eB  described 
with  the  radius  Pe,  we  find  B. 


e-.- 


Fio.  89. 


Fio.  40. 


154.  Given:  two  curves  exterior  to  each  other,  to 
find  the  tangent  points  of  a  line  tangent  to  both  and  Hi 
length  between  tangent  points.    Fig.  40. 

Let  B  and  A  be  the  required  tangent  points.  Let  OB  =  B, 
&nd  0'A  =  R\ 

On  the  curve  of  greater  radius  B  select  a  point  H  supposed 
*5<7  be  near  the  unknown  tangent  pomt,  B,  oaA.  Vlwq^vdli^  tbe 
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direction  of  the  radius  OH^  find  on  the  other  curve  a  point  K 

haviug  a  radius  O'K  parallel  to  OHy  and  measure  UK,     In 

the  diagram  draw  Ob  and  O'a  perpendicular  to  UK,     Then 

the  angle  KO'a  =  W  -  UKO  =  KO'A  nearly,  which  is  the 

angle  required.     We  have  therefore  to  find  the  correction 

aO'A=.x,  and  apply  it  to  KO'a. 

Aa  =  B'  vers  KO'a\        Eb  =  R  vers  KO 'a  nearly, 
Ka  =  B'  sin  KO'a\         Ub^Bsin  KO  a 

.-.      Bb  -Aa=:  (B-B')  vers  KO'a 

ab  =UK+(B-B')smKO'a 

(B^B')YeTHKO'a  ,  ,__. 

si^  *  =  jTz^  I  /» — i7'\-^  ~i77vr-  nearly.       (88) 
UK-\-{B  —  B)8m  KO  a  '^        ^ 

KO'A  =  (KO'a  -  a-)  =  UOB 

Observe  that  KO  'a  =  the  angle  between  the  tangent  at  K  or 

-^/  and  the  line  UK ;  and  ^  KO  'A  =  the  angle  between  the 

tangent  B.t  Kor  U  and  the  required  tangent  BA. 

If,  instead  of  U  and  K,  the  points  W  and  K'  had  been 

selected,  then 

(B-B')yeTsU'Ob  .       ,^^^. 

'''''' =u'K'-iB-  ij^i^^b  ^"^''^y'  (^^^ 

and 

U'OB  =  K'O'A  =  U'Ob  +  X, 

The  length  of  BA  should  be  obtained  by  measurement,  but 
it  may  be  calculated  by 

AB  =  ab  —  {B--B')  sinx  (89) 

When  i?  =  i2',  a?  =  0,  and  J^iTis  parallel  to  BA. 

In  case  the  curves  are  reverse  to  each  other,  as  in 

Mg.  41, 

.  {R  +  B')YGT%KO'a  ,  .... 

«^^^  =  m+iii+B')^-K(ra "^^^^y-    (^^^ 

KO'A  =  jBTOi?  =  KO'a  -  a 
If  the  points  W  and  K'  are  selected,  Fig.  41, 

^^'-(.B4-iJ')8iiin'Ob         ^     ^ 


^'«*  =  jro'^  =  irofr  4-  a.. 
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The  lines  HK,  AB,  and  00'  all  intersect  in  t 
point  /,  Fig.  41. 

„^     HKxR 


IB=  VHIiHI+zn^MOb)  (83) 

These  last  three  equations  furnish  another  metliod  of 

Bolving  the  same  problem.     They  may  be  applied  to  Fig.  40 
by  chaaging  the  sign  of  M', 
la.  Fig.  41,  iiH=^R\  then  UI=  iBK and  AS  =  2IR 


155.  ffinen:  two  Curves,  O  and  O',  reverse  to 

tach  other,  joined  by  a   langent  BA',   and    terminating  in 
another  tangent,   B'F  ;    to   change    tlie    position  of  the 
Point  of  Tangent  B  of  the  first  euroe,  so  that  the  second 
eunte  mag  terminate  in  a  given  parallel  tangent,  B'F'. 
Fig.  43, 
Let  X  be  the  required  new  position  of  B. 
"   0'  be  the  corresponding  position  of  O', 
"    A' =  A' OB' a.nd  A' =  A' 0'B\ 
Since  the  radii  nod  the  connecting  tangent  arc  unchanged 
in  leagtb,  and  all  rotate  together  ft\>o\W,  0  aaa-ceiATii,  O"  -nffl 
be  on  a  circle  passiog  tlirougli  O',  deacrttiei  -wvO^  ».  t^Kf 
OO;  and  tile  required  angle  BOX  =  O'OO". 
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Iq  the  diagram,  produce  O'A  and  draw  the  perpendicular 
)6,  and  let  a  —  the  angle  00' O,  Also,  draw  OK  parallel 
md  CK  and  0 'if  perpendicular  U)  B'O',  In  the  triangle 
90'G^wehave 

coi  00' G  =  ^,     or     cot  «=—+—-         (95) 
GO  BA 

md 

00'  =  :^-^  (96) 

cos  a 

The  angle  JSTOO'  =  OO'B'  =  a  +  A'. 
The  angle  ^00"  =  OO'B"  =  a+  a", 

KO  =  00^  cos  (a  +  A"),      .^0  =  00'.  cos  (a  +  a'). 
;.    HK  =  00'  [cos(a  +  A")  -  co3(a  +  a')]  =  B'F' 

B'F' 

cos  (a  +   a')  =  cos  (a  +   A')  +  ~rr^  (97) 

J?OX  =  O'OO"  =  (a  +  A')  -  (a  +  A")  (98) 

If  we  conceive  a  line  to  be  drawn  through  0  bisecting  the 
re  00",  the  angle  it  makes  with  ^^O"  is  a  mean  between 
VO'O  and  B''0''0  ;  hence  the  chord  0'0\  perpendicular  to 
us  line,  makes  an  angle  with  O'P  perpendicular  to  B'O'  of 

PO'0''  =  i[(«^+A')  +  (a+  A')] 

id  since 

O'P  =  P0''  cot  POO" 

^'B"  =  B'F'  cot  i[(a+  A') +  (a+ A")]      (99) 

hicli  gives  the  distance,  measured  on  the  parallel  tangent, 
itween  the  old  tangent  point  and  the  new. 
This  problem  occurs  in  practice  when  both  the  connecting 
ngent  and  the  radius  of  the  last  curve  are  at  their  minimum 
nit,  and  the  parallel  tangent  is  irmde  of  the  old  one,  as  in 
e  figure.  Should  the  new  tangent  be  outside^  the  same  fer- 
ulae apply,  only  changing  the  sign  of  B'F'  in  eq.  (97).     But 

this  last  case  it  is  usually  preferable  to  employ  problem 
\S6  or  §  137. 
"(^mple.  —A  1  °  40'  curve  is  followed  Ajy  a  lasv^jeoX.  qI  *5^  ^^ 

that  by  a  4°  cui-ve  of  10  stationa  eudVa^'m  «b  Aa? 


'  and  the  offset  to  t!ie  given  parallel  tangent  ia  80  f t.  o 

Inaide.     Required,  tlie  poaitiim  of  tlie  new  tangent  poinU 
i  and  B". 

Here  M  =  3437.67,  S'  =  U33.69,  BA'  =  200,  B'F'  = 


\  Eq.  (95)  fl  +  B'  48T0.58 
BA'  300. 

.-.a  2°  31' 

Eq,  (96)  a  3"  31' 

00' 
Eq.  I.07>  B'F'     80 


Eq.  (98)BOX        1^35' 
Eq.CB9)P0'0'  41°38'3 


\  BS=S5H.An*. 

•  cot  1.12468  X  80  =  80.97  = 


I 


2     n-Aycf 


156>  Wben  tlie  tangents  of  a  proposed  road  are  t 
general  much  longer  tlian  the  curves,  it  is  desiniMe  t 
lish  the  tangents  lirst  in  making  the  location,  and  a 
delermiue  suitable  curroa.  On  the  other  haad,  if  the  0 
necessarily  predominate,  they  should  be  flrat  selected  : 
ndjusled  to  the  ground  with  reference  to  g 
alignment,  aud  afterwards  joined  by  tangents.  In  the  b 
case  the  i^eld  work  cauiiiit  be  8iicce^fully  accompli^ 
unless  the  location  has  been  piiiviously  worked  out  u 
correct  map  eonslructed  from  the  preliminary  surveyi 
map  Aoiild  ehow  contours  of  the  surface,  and  also  the  g 
contour,  or  inlerseetion  of  the  surface  and  plane  of  the  gl 
In  side-litll  work  the  grade  cooiour  indicates  approxjnu 
the  degree  and  position  of  the  ucpcssary  currea.  In  the  1 
of  selecting  proper  curves  upon  the  map.  templetff 
pattern  curves  are  almost  indispensable.  The  templets 
eut  to  fonii  a  series  of  curves,  the  radii  being  taken  f 
Table  TV.  to  a  scale  torreapuviding  to  tlic  scale  of  the  % 
which  ranges  from  400  to  100  icct  pel  \w:\i,  eccnrSw^  V 
difficulty   of    tlic  location.     T\w    ttmv^eVB  T 

?es,  or  tboae  \n  tv\i\c\v  0>e  nawAM  t*'. 
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per  statioD  bear  a  simple  ratio  to  100.  Curves  of  50'  and 
multiples  of  50'  are  most  convenient;  40'  curves  and  multi- 
ples standing  next  in  order,  and  30'  curves  and  multiples 

next 

TABLE  OP  CONVENIENT  CURVES. 


D. 

Ratio  of  Hin. 

D. 

Ratio  of  Min.' 

D. 

Ratio  of  Mln. 

to  Feet. 

to  Feet.     1 

to  Feet. 

SC 

1 

:2 

4xy 

2:5         ! 

30' 

3:10 

!•  40' 

1 

:1 

!•  20^ 

4:5          I 

l*  00' 

3:5 

20  ac 

3 

;2 

2«»  OO' 

6:5          i 

l*  30' 

9:10 

8»  siy 

2 

:1 

2"  40' 

8:5 

2*»  00' 

6:5 

4«>  Ky 

5 

:2 

30  20^ 

2:1 

2»  30' 

3:2 

90  00' 

3 

:  1 

40  OO' 

12:5 

30  00' 

9:5 

5»  50' 

7i 

.2 

40  40^ 

14:5 

30  30' 

21  :  10 

C»  40' 

4: 

.1 

50  20f 

16:5 

40  00' 

12:5 

T'  30' 

9 

:2 

6*»  OO' 

18:5 

4°  30' 

27:10 

8»  2(y 

5 

:1 

6<»  40' 

4:1 

5«»  00' 

3:  1 

90  10' 

Hi 

2 

70  20' 

22:5 

5»  30' 

33:10 

\(y>  (xy 

6: 

:1 

8«  OO' 

24:5 

6<»  00' 

18:5 

After  drawing  the  curves  and  tangents  upon  the  map,  the 
tangent  points  and  central  angles  are  carefully  determined, 
the  latter  being  compared  with  the  lengths  of  the  curves  ob- 
tained by  a  pair  of  stepping  dividers  set  precisely  by  scale  to 
the  length  of  one  station.  Field  notes  are  then  prepared  from 
the  map,  and  if  the  work  has  been  well  done  these  notes  may 
be  followed  in  the  field  with  scarcely  any  alterations. 

No  ordinary  protractor  will  measure  the  angles  closely 
enough  for  this  purpose  ;  it  is  better  to  use  a  radius  as  large 
as  convenient,  of  60  parts.  The  chord  of  any  arc  drawn  with 
this  radius  equals  100  timeis  the  sine  of  one  half  the  angle 
subtended. 

The  importance  of  having  absolutely  straight-edged  rulers 
in  such  work  is  obvious.  In  case  a  very  long  line  is  to  be 
projected  upon  the  map,  it  is  well  to  use  a  piece  of  fine 
sewing  silk  for  the  purpose.    See  §§  53,  54. 


CHAPTER  VI. 

CoMi-ofKD  CniOTa. 
A.   Tlieary. 

107.  A  compound  curve  conaigta  of  two  or  i: 
live  circular  un's  of  different  mdii,  Liwiug  ilieir  ccotrei 
the  same  side  of  the  curve  ;  but  axty  two  coneecutiv 
jnusl  Lavi)  a  common  langent  at  their  meeting  poiut.  o: 
radii  ut  this  poiut  must  coincide  in  direction.  The  meetl 
point  is  called  the  poiut  of  compound  curve, 
Compound  curves  are  employed  lo  hring  ILe  lino  o 
upon  more  fiivorable  ground  tlitin  could  bo  done  by  the 
of  liny  simpli!  curve. 

WLen  a  compound  curve  of  two  area  connects  two  lang 
lines,  the  tangent  poiuls  ure  nt  uneqmil  distuncca  from 
liitersectinn  or  vertex,  the  shorter  distance  being  o 
^Vhlcli  is  tangent  to  tlic  urc  of  sliorter  radius, 

158.  Let  r.-l,  VB  (Fig.  43)  be  nuj  two  right  lines  ii 
ing  at  F,  and  let  A  lie  tlic  deflection  angle  between  tb 
.4  and  B  be  the  tangent  points  of  a  compound  curve  ( 
less  llittu  VB),  and  let  AP,  PB  be  tlie  two  arcs  of  the  ci 
The  centre  0,  of  the  arc  AP  will  be  found  on  A8,  drawn ; 
pendicular  to  VA  ;  tlic  centre  0,  of  the  arc  PB  will  be  it 
on  B8  produced  perpendicular  to  Yli :  and  the  angle  , 
will  evidently  equal  &.  Join  F&  and  on  VS  a 
describe  a  circle;  it  will  pass  through  the  points  A  and 

tUe  angles  VAS.  VBS  are  riglit  angles  in 
Draw  the  chord  VQ,  bisecting  the  angle  A  VB,  imd  Joitt  , 
BQ.  Then  AQ.  BQ  are  equal,  since  they  are  cLords  bu" 
ing  the  equal  angles  A  VQ,  BVI^.  From  Q  as  ft  ccnti 
with  radius  QA,  describe  a  circle ;  it  will  cut  the  t  _ 
lines  at  A  and  B,  and  also  at  two  other  points  O  and  Y,  1 
that  Va  =  VA.  and  VT=  VB.  Hence  BG=AY,b 
paralicl  chords  AG,  BY  are  perpendicular  lo  VQ.  Join, . 
JbenAQB  =  ASB  =  a,  since  both  angles  are  subtended 
'Jio  saiiw  chord  AJ1. 
Ill  the  triangle  VA  B,  the  sum  ot  tive  twi?\ea  s^  A  «»& 
'Jal  to  the  exterior  a,ngle  A  belvicoQ  ttio  VeBSfsMJii 
'r  diSerence  (A  —  fl)  is  equal  to  i\ie  wngVe  at*- 


hectii 
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Dded  by  the  chord  BQ,  which  is  the  difference  of  the 
{VB-VA).  Fortheangle  VAB  =  YAQ  +  GAB.&aA 
ingle  YBA  =  VB7  -  AB7.  But  VAO  =  TBY  and 
'  =  AST,  and  by  subtractioD  VAB  —  YBA  =  iOAB  = 
,  since  ^  is  on  the  circumference  nod  Q  at  the  centre. 
■9.  Tbbobem.— rAe  eirde  TAQB,  uiJum  centre  it  Q.  it 
icus  of  the  point  qf  compound  eurtte  P.  nhatener  be  Ih6 
te  Unglht  of  the  ares  AP,  PB  eompoting  Hie  turte. 


Fib.  43. 

the  circle  TAQB.  and  between  A  and  O,  take  any  point 
i  on  A8  find  a  centre  0,,  from  which  a  circular  arc  may 
(Via  cutting  the  circle  at  A  and  P ;  also  on  BS  produced 
t  centre  Or,  from  wliicb  a  circular  arc  may  be  drawn 
g  the  tareSe  st  B  and  P.  Join  PQ.  PO^  Kr.4  PO^ 
when  two  circles  Intersect,  the  ei^\ea  we  wi[aii  '^ift' 
■am  drawn  to  the  points  of  iuiteiBecttoa,  (iPOv=  QA.O'. 
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and  QPO,  =  QBO,.  Draw  the  chord  Q8  and  it  subtends  Ik 
equal  angles  l^AO,  =  QBO,.  ncnee  QPO,  =  QPO,  and  0>« 
radius  PO,  coincides  in  direction  with  the  radiua  PO,,  wiiiili 
is  the  conitition  eBsculinl  lo  a,  compound  curve. 

Now,  if  we  imagine  imothtr  point  /*'  to  be  taken  on  QP  fi 

on   QP  produced,  and  the  arcs  AP'  BP',  drawti  from  cenlrte 

found  on  AS  and  BS,  it  is  evident  that  Uie  equality  of  angk' 

found  in  respect  to  P  could  not  esist  in  respect  u>  P.    Htiii:i' 

kTca  would  intcraectin  P'  at  some  angle  0,P0,  and  woulii 

I    not  fonn  a  compound  curve.     Therefore,  Q.  E.  D. 

100.  Theorem. — In  any  compound  euriie  the  radialimtjM 
w.gtaii^g  Uifough  the  three    tangent  points  A,  P,  and  l 
J   iOiWItnt  to  a  drdt  having  the  point  Q  for  itn  centre,  and  far  i| 
diojneter  the  diffmvnee  iff  i/m  ei<le»  VB  and  VA. 

Draw  the  three  lines  QM,  QN,  QL  perpendicular  to  fl 
radinl  lines  BO,,  AS.  and  PO,  respectively.  Then  tUe  fl 
right-angled  triungles  BQSf,  PQL,  and  AQM  nre  equal,  uncs  I 
i£Q  =  PQ  =  AQ  =  radius  of  the  circle  AGB,  and  the  angle)  I 
l.st  B,  P,  and  .J  are  equal  by  tlic  last  theorem.  Hence  QM= 
\  ^L  =  QN,  and  if  a  circle  he  described  with  this  radius  ulwiil 
I  Q,  the  three  lines  BO,.  POi.  and  AO,  produced  will  be  lan- 
I'^nt  to  it.  Draw  Ql  perpendicular  to  VB;  It  will  bisect  Ilic 
l«hord  GBial:  and  QK=  BI=iBG.  Hence  the  diamdi* 
rtQS=BO=  VB-VA;  which  was  to  be  proved. 

OoTolUtrp  1.  The  compound  curve  inlerHccts  the  circle .IB'i 
pin  the  point  P,  at  an  angle  equal  to  half  the  difference  of  ll" 
YvDgles  VAB.VBA.  For  QPL=QBN=BQ/=iBQa.  TJit 
AP  is  exterior,  and  the  arc  PB  interior  to  the  circli^ 
[  A  OB. 

Cor.  2.  Since  boUi  centres  are  on  the  lino  PL,  the  position 
of  the  point  P  fiscs  the  lengths  of  the  radii  of  a  coiiipounil 
B.  As  P  is  moved  toward  0  both  radii  are  incrtiiaerf, 
until  wben  P  readies  O.  AO,  becomes  AX,  a  maximuvt,  whilu 
BO,  becomes  infinite.  As  P  moves  toward  A  botli  radii  arc 
diminished,  but  ibe  least  value  of  the  arc  AP  depends  upon 
the  least  radius  allowed  on  tlie  road.  If  in  Itie  diagram  m 
make  Jf>,  equal  to  the  least  radius  allowed,  a  right  line  drs«"ii 
Ihroagh  tjie  point  0,  tangent  to  the  circle  LMJf  fixes  tin' 
cnrrpsponding  fninimnm  value  ot  V\ie  arc  AP,  «a4  liwi  ut 
!hc    nulius  BO,  for    given  valuca  ot  VA,  VB,  ani   c.    "?*:- 
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tween  these  limits  any  desired  values  of  the  radii  may  be  em- 
ployed. 

Cor.  3.  In  the  triangle  SOi  Oa,  the  sum  of  the  two  central 
angles  AOiP  and  PO^B  is  equal  to  the  exterior  angle  ASB  = 
A ;  consequently,  as  the  central  angle  of  one  arc  is  increased 
by  any  change  in  the  position  of  the  point  P,  the  central 
angle  of  the  other  will  be  diminished  an  equal  amount. 

Cot.  4.  Only  one  value  of  the  angle  AOiP  \s  consistent  with 
a  given  value  of  the  radius  AOx,  since  both  depend  on  the 
variable  position  of  the  line  PX;  and  for  the  same  reason  only 
one  value  of  the  angle  BO^P  is  consistent  with  a  given  v^lue 
of  the  radius  BO^.  Hence  only  one  radius  or  one  central 
angle  can  be  assumed  at  pleasure,  the  remaining  parts  being 
deducible  therefrom  in  terms  of  the  sides  VA,  VB,  and  the 
angle  A. 

B,  General  Equations. 

161.  Let  8x  =  the  side  VA,  S^  =  the  side  VB 

Let  Bi  =  the  radius  AOi  i?2  =  the  radius  BOt 

*'    y  =  dm.  VAB  -  VBA,  A  =  the  sum  VAB+  VBA 

"  Ai  =  central  angle  AOiP,  Aa  =  central  angle  BO^P. 

In  the  triangle  BQI,  cot  BQI  =  ^.    But  IQ  =  VI  X 
cot/CF=  -K/Sa  +  zSOcotiA,  and^/=  \{8^  -  Si). 

cot  ir  =  §^-f  cot  i  A  (100) 

Oa  —  ^1 

ByCor.  3,  Ai+Aa=A  (101) 

In   the   triangle   AQM,  AOi  =  AM  -  MOu     But  ^Jf  = 
)£Q  cot  iXf  aiid  MOi  =  MQ  cot  iAi. 

Bi  =  i(y»a  -  Si)  (cot  ir  -  cot  i  Ai)  ) 

[         (102) 
Similarly,      22.  =  K^a  -  Si)  (cot  ir  +  cot  i  a  a) ) 

Subtracting, 

J&  -^,  =:|(ia  -  S,)  (cot  4A.»-VC0\.\^C^       ^V^ 
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cot  iAi  =  cot  I;'  — 


-Bi 


From  (102), 


cot  jAa  = 


22. 


i(S^  -  Si) 


iiS^  -  Si) 
—  cot  J;' 


(104) 


In  the  triangle  ABG^, 


BGzzz 


AB  sin  BAG 
miAQV 


or 


Kg.  -  so  =  *-*^  f  *^ 


(105) 


by  which  we  find  ^(/Sa  —  8i\  when,  instead  of  the  sides  and 
A,  we  have  given  AB,  and  the  angles  VAB  and  VBA, 


From  (103),    HS^  -  8i)  = 


Bi  —  Bi 


COtiAs  +  COt  jAi 


(106) 


Bi 


From  (102), 


^otir=j^^3-^)  +  <^otiAi 


cot  ^y  = 


B, 


i(^a  -  ^i) 


—  cot  jAa 


(107) 


From  (100),    K^,  +  ^0  =  i^^^=|^ 


(108) 


/^a  and  Si  arc  found  by  adding  and  subtracting  the  values 
found  by  eqs.  (106),  (108). 


From  (105),         ^AB  = 


i(iSa-^i)8in|A 

sin  ^y 


(109) 


which  may  be  used  instead  of  (108)  when  the  sides  are  not  re- 
quired.    VAB  =  i(  A  +  r)  and  VBA  =  i(  A  -  r). 

162.  Given :  t?ie  sides  VA  =  Si  and  VB  =  S^  and  the 
angle  A;  assuming  the  shorter  radius  Bu  to  find  Ai,  Ai, 
and  7?a. 

Use  eqimtiona  (100),  (104),  (101),  (lO^Y  Mi^\\«^, 
^j'ample.—Let  VA  =  18d9.90,  VB  =\Q^\,V56,  L.=:n^\%5i' 
assume  ^2  =955.87. 
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US,' Hi)   404.39 

cot 
.5  cot  4.90769    " 

2.36249 
cot  2.54520 

"   3.59370  ' 
"   4.90769   - 

log 

<t 

<( 

r 

(< 
it 
tt 

tt 

tt 
<< 

:  3.174789 
2.606800 

iA                      37° 

ir                 11°  31' or 

(104)  i?.  {D  -  6°) 

0.567989 
0.122886 

0.690875 
2.980170 
2.606800 

••.   iAi                     21°  27' 
(101)  i  A                      37° 

0.373370 

iA,                     15°  33' 

(108)  ly 

'.    i?,  (D  -  V  40') 

8.50139 

0.929490 
2.606800 

3.536290 

18) .  .  A,  =  42°  54',  Li  =  715;  Aa  =  31°  06',  U  =  1866. 

163,  Given:  the  line AB,  and  the  angles  TAB,  YBA; 
fuming  the  longer  radvm  B^,  to  find  As,  Aj,  a7id  i?i. 

Bxample.-^Let  AB  =  2437.82,  VAB  =  48°  31',  VBA  =  25°  29', 
Qd  assume  i?a  =  3437.87. 


05)i/1i? 

1218.91 
-  ^i)  404.38 

11°  31' 
37° 

11°  31' 

15°  33' 
37° 

sin 
<( 

8.50166 
cot  4.90785 

log 
tt 

tt 

€t 
tt 

tt 

:  3.085972 
9.300276 

iA 

2.386248 
9.779463 

.    K>Sa- 

)4)i2a 

2.606785 
3.536289 

ir 

0.929504 

iAa 
)l)iA 

cot  3.59381 

cot  2.54516 
"  4.90785 

iAi 
)2)ir 

21°  27' 
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164.  Usually  a  compound  curve  is  fitted  by  trial  to  th« 
shape  of  the  ground,  after  which  it  may  be  desirable  to 
calculate  the  sides  VA,  VB,  or  the  line  ABy  and  the  angles 
VAB,  VBA. 

Example. — From  the  point  of  curve  A,  a  6"  curve  is  run 
715  feet  to  the  P.C.G,\  thence  a  1"  40'  curve  is  run  1866  feet 
to  the  P.  T.  Required,  the  sides  VA,  VB,  and  the  line  AB, 
and  angles  VAB,  VBA,  Here  i?,  =  955.37,  Ai  =  42'  54', 
JBa  =  3437.87,  Aa  =  31"06'. 


(106)  R^  -  i?,    2482.60  log  3. 


iAi 

iA, 

21"  27' 
16"  33' 

21"  27' 
11"  31' 

37" 

cot  2.54616 
**  3.59370 

(1 

<( 
(( 

<< 

.-.     K^,  -  ;S,)  404.39 
(107)  R^ 

6.13886 

2.36248 
cot  2.54516 

O.788088 

2.606801 
2.98O170 

iAi 

0.373369 

(108)  ^8^  -^  8^) 

iA 

01'.7  "  4.90764 

cot 

0.690873 
2.6O6801 

3.297674 
0.122886 

.-.     i(^,-t- 

8, 

VAB 
VBA 
(109)  ^8,  - 

4A 

■8,) 

1495.51 
1899.90 
1091.12 

1218.91 
2437.82 

48"  31' 
25"  29' 

37" 
11"  31' 

01- 

.7 

«( 

sin  " 

sin  ** 

3.174788 

2.606801 
9.779463 

ir 

2.386264 
9.300294 

.-.     ]^AB 
AB 

a.  086970 

IOS0  Oiven :  the  radii  Ei,  U^,  t?ie  arigXe  £i^,  a,^  orae  %Wa, 
^  ^  FB,  to  find  tJie  other  side  and  tTie  cetOnrol  aitgU*  i^x. 
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In  the  triangle  AMQ,  AOx  =  AM  -  MOi  ^  IQ  -  MQ  cot 

ifO,g;  or 

Ri  =  i(5a  +  5,)  cot  iA  -  \{8^  -Si)  cot  i Ai 
whence 

\{S^  +  8i)  =  i(/8a  -8x)coi  i  A,  tan  i  A  +  i2i  tan  i  A 
By  eq.  (106) 

sm  ^A 
Substituting  this  above,  subtracting  and  reducing 


8,  =  (i?a  -  i?0  sin  i  A,  ^^°yf ^  +  i2i  tan  i  A 

ism  A  ' 


ut  Ka  —  Ai)  =iAa  and  2  sin*  ^Aa  =  vers  Aa,  wlience 

»       (iJa  —  Rx)  vers    a  a  +  ^i  vers  A 

Ox  = ZTZ — : 

ansposing, 


(110) 
sm  A  ^ 


«9,  sin  A  —  iJi  vers  A  ,^^_ 

vers  A  a  = D jj (111) 


nilarly,  from  the  tnangle  BQO^ 

R%  =  \{8^  +  8i)  cot  i  A  +  US2  -  /S^i)  cot  i  Aa 
►m  wliich  and  eq.  (106)  wc  derive 


S  __  ^9  vers  A  —  (i?a  ~  i?i)  vers  At  .^^^. 

"  sin  A  ^ 


rers  a'x  =  _^«  vera  A  -  &> aVxi  ^ .  ^^^ 
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KtampU.—GiYen  :  VA  =  5,  =  1091.12,  A  =  74^  and  the 
radii  lii  =  955.37,  li^  =  3437.87,  to  find  A,,  A,,  and  S^. 


(Ill)  ^1 

A 


A 


1091.12 


74^ 


74' 


lia-Hi  2482.50 


(112)  li^  -  Mi 
A 


A 
oa 


3r  06' 


42^54' 


log  3.037873 
sin  *•    9.982842 


1048.85 

vers  ** 
vers  " 

vers  ** 
sin  " 

3.020715 
2.980170 
9.859956 

692.03 

2.840126 

856.82 

2.552449 
3.394889 

* 

9.157560 

9.427254 
3.394889 

663.96 

2.822143 
3.536289 
9.859956 

2490.26 

3.396245 

1826.30 
1899.90 

3.261572 
9.982842 

3.278730 

lOO.  Given  :  one  side,  and  tJie  radius  and  central  angU  of 
the  adjacent  arc,  to  find,  the  other  radius  and  Me, 
From  eqs.  (Ill),  (113)  we  liave 


i?a  -  i?i  = 


n^-Ri- 


Si  sin  A  —  JRi  vers  A 


vers  A  a 

B'i  vers  A  —  /S'a  sin  A 
vers  Ai 


(114) 


by  one  of  which  the  required  radius  may  be  found ;  the  required 

side  is  then  found  by  cq.  (110)  or  (112),  as  in  the  last  problem. 

&ample.-^Qiven  :  VA-8i=z  1091.12  a  =  74^  J8t  =956.37 

and  Ai  =  42''54';  to  find  R^         Aa  =1:4''  -  ASS*  ^  =Vft?  ^. 
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t)  ^  1091.12 

A  74** 


E» 


A 


955.37 


.-.  B,  -  i?i  2482.52 
.-.i?,  3437.89 


74' 


log    3.037873 
sin  9.982842 


1048.85 


it 


II 


3.020715 


2.980170 
'*   vers  9.859956 


692.03  " 


2.840126 


31^*06 


356.82  "     2.552449 
'*  vers  9.157556 


it 


3.394893 


Fio.  44. 


Otherwise :  Fig.  44.  If  convenient  in  the  field,  a  tan- 
'ent  PFa  may  be  run  from  the  point  P  to  intersect  the 
arther  tangent.  The  distance  PFa  multiplied  by  cot  ^Aa 
^ill  equal  the  radius  ii?a  by  eq.  (25). 


167.  Remarks. — If  the  first  arc  AP  be  produced  to  0, 
'ig.  44,  so  that  AdG  =  a,  then  G  is  the  tangent  point  of  a 
mgeut  parallel  to  FS,  and  by  §137,  the  tangent  point  B  must 
B  on  the  line  PG^  produced,     ConveiseVy ,  \1  \,\ie^QVQ^.^Ns^ 
sumed,  and  the   arc  AG  given,   the  point.  P  ia>asX  \i^  ws. 

line  BG  produced.     Tlie  radius   R^  may  \ift  io\x\A  V 
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BP 
lU  =  ^—. — I ,  BP  being  measured  on  the  ground  ;  or  by 

a  Sin  -7  A  a 

similar  triangles  Et  :  Ri  ::  BP  :  QP. 

The  distance  VD,  Fig.  43,  from  the  vertex  to  the  circle 
AQB  is  expressed  by  the  formula 

VB  =  i(5;-^0    ^^^""J^  (115) 

^  '      sm  ix     ' 

If  the  paint  P  falls  at  D,  then  VB  is  also  the  distance  of  the 
curve  from  the  vertex  measured  on  the  line  VQ.  But  whea 
P  falls  at  J9,  the  radius  PO3  is  perpendicular  to  the  line  AB, 
and  Ai  =  VAB,  and  A  2  =  VBA.  When  Ai  is  greater  than 
VAB,  the  arc  APy  being  exterior  to  the  circle,  cuts  the  line 
VB\  but  when  Ai  is  less  than  VAB,  the  arc  PjBcuts  the  line 
BQ. 

If  the  Uiie  O^P  produced  passes  through  V,  we  have 

sin  QVL=  f^r^  sin  i  a  (116) 

^a  +  Oi 

giving  Ai  =  iA  +  QVL  and  Aa  =  iA  —  QVL, 

When  Ai  is  greater  than  tliis,  we  have  for  the  external 
distance  of  the  vertex 

^\  =  Bi  ex  sec  AOi  V 

in  which  the  angle  AOi  Fis  found  by  the  formula  tan  AOi  7= 

— -f  and  JS7i   is  measured  on  a  line  FOi,  making  the  angle 

AVOi  =  90°  -  AOiV, 

When  A 1  is  less  than  (^  A  +  (^  VL),  we  have  similar  expres- 
sions with  respect  to  the  arc  BP  and  centre  O3. 

1(>8.  To  locate  a  compound  curve  when  the  point  of  ecinr 
found  curve  in  inaccessible.    Fig.  45. 

Each  arc  being  in  itself  a  simple  curve  is  located  as  such. 
When  the  P.  CO.  is  accessible,  the  transit  is  placed  overiti 
and  the  direction  of  the  common  tangent  found,  from  which 
the  second  arc  is  then  located. 

When  the  P.G.C.  is  not  accessible,  the  common  tangent 
n  Va  may  be  found  by  locating  the  poinla  V\  «nd  V%,  which 
Joay  bo  easily  done,  since  VxA  =  YiP  —  Ri  Vwi  \  L.v»  «b^^ 


COMPOUKD  CURVES. 


113 


VjB  =  FaP  =  iZi  tan  i  A«,  from  which  each  arc  may  then 
be  located  by  offsets  or  otherwise,  as  in  the  case  of  simple 
curves. 

Should  the  points  Vi  V%  be  obstructed,  the  common  tangent 
may  be  found  by  an  offset  HG  =  LP  from  any  convenient 
point  H,  for  knowing  the  angle  HOiP,  we  have  IIG  =  iJ, 
vers  ROiP,  and  GP  =  H^  sin  HOiP, 

If  the  entire  tangent  Vi  Fa  is  too  much  obstructed  for  use, 

the  parallel  line  HK  may  be  employed,  observing  that  the 

LP 
angle  POtK  is  found  by  vers  POaK  =  -^r-,  and  the  distance 

LK  by  LK=  B^  sin  PO^K,  by  which  a  point  K  on  the  second 
arc  is  found  having  a  tangent  offset  KI  =  HG. 


Fio.  45. 


Fio.48. 


Should  the  line  HKhfi  also  obstructed,  we  may  run  the  in- 
verted curve  HP  =  HP  and  P'K=  PK  to  find  the  point  K 
from  which  so  much  of  the  second  arc  as  is  accessible  may  be 
located. 

C,  SpeciaX  Problems  in  Compound  Curves, 

169.  Given :  a  compound  curve  ending  in  a  tangent;  to 
change  the  P.C.C.  so  that  the  curve  mxiy  end  in  a  given 
parallel  tangent.    Fig.  46. 
Let  APB  be  the  given  curve  ending  in  VB, 
**    VB  be  the  given  parallel  tangent, 
*'  p  =  perpendicular  distance  between  tangents. 
Jt  h  required  to  change  the  point  P,  and  mtti  \X»  XJaa^^^^^R^ 
of  At  nnd  A  a,  BO  that  with  the  same  radii  Ri  wid  R%  \j!afciiK« 
curve  AP'B'  may  end  in  the  parallel  tangeiil  V  B  • 
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a.  When  the  tangent  VB'  is  inside  of  VB: 
Let  Ai  =  ^0|P,  Ax'  =AOxP\  £,^  =  POtB,  A^'^P'O^'B', 
and  in  the  diagram  draw  OiG  perpendicular  to  BO^;  then 
OO9  =  OiOa  cos  As,  -K'0«'  =  OiO%  cos  As'.  Subtracting 
since  0x0,  =  OiOa'  =  (R^  -  i?,),  and  ^0^'  -  OO^^  GB- 
KB'=p, 

pz=(B2—  Bi)  (cos  A  a'  —  cos  A«) 

whence 

cos  A3'  =  p  ^  p  +  cos  A,  (117) 


POiP'  =  (Aa  —  A  a')  and  the  point  Pis  €idvaiieed, 
b.  When  t/ie  tangent  V'B'  is  ontside  of  VB: 

p  =  {R^'-  Bi)  (cos  Aa  —  cos  A  a') 


i 


wlience 

ona   A  »'  =  o.na.   a  »  —         

B%  —  Bi 


COS  Aa'  =  cos  Aa  —  p    ^    „  (llg) 


POiP'  =  (Aa'  —  A 2)  and  the  point  P  is  moved  back  and  the 
arc  AP  diminished. 


FiQ.  47. 

In  ease  the  curve  terminates  Trith.  tlie  arc  of  shorter 

radius,  <yr  Bx  foUavos  B^.    Fig.  47. 
c.  When  V'B  is  inside  of  VB: 

p  =  (Bi  —  Bi)  (ccs  Ai  —  cos  Ai*) 
whence 

cos  Ai  =  cos  Ai  — 5-^— t5-  ^^SS 

^0»J^'  =  (A.i'  —  A  j)  and  the  point.  P  la  mowid boftk. 
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d.  When  Y'B'  is  outside  of  VB: 

p  =  (Mi  —  Hi)  (cos  A i'  —  cos  Ai) 


whence 


cos  Ai'  =  coa  Ai  +  p        ,.  (120) 


PO3P'  =(Ai  —  Ai')  and  the  point  P  is  advanced. 

Examj^.—Let  H  =  2292.01,  Bi  =  1432.69,   A,  =  28%  and 

p  =  20.07  inside  of  VB ;  case  a. 

p  20.07  log  1.302547 

(117)  Bf  Bi    859.32  **    2J934165 

.023356        •*    8.868392 
A  a  28°  cosJ«295_ 

.-.     A',  2r_  "  .906306 

.-.    POiP'  3** 

170.  Given:  a  compound  curve  terminating  in  a  tangent^ 
to  chang^e  the  P.C.C.  and  also  the  last  radius,  so  tJiat  tTie 
curve  shaU  end  in  a  parallel  tang^ent  at  a  point  on  tJie 
same  radial  line  <m  before.    Fig.  48. 


Fia.  48. 


Let  APB  be  the  given  curve  ending  in  the  tangent  VB\  let 
VB'  be  the  given  parallel  tangent;  and  let  p  =  BB'  =  fflz=z 
the  perpendicular  distance  between  tangents. 

It  is  required  to  change  the  point  P  to  P',  and  also  the 
value  of  i?a  to  B^',  so  that  the  new  curve  may  end  in  VB'  at 
B'  inside  of  VBon  the  same  radial  line^O^. 

Jn  the  diagram  produce  the  arc  AP  to  G   lo  TCifc^iX.  OvQr 
drawn  parallel  to  O3B;  then  POxG  =  A«.     T>TWN  >;5[i^  <5^at<V 
J^  and  it  wiUpaaa  through  Q.     Lay  oft  the  ^aXoaca  p  Uoxs 
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JBon  BO^  to  find  B'\  draw  B'G  and  produce  it  to  intersec 
the  arc  APG  in  P'.  Then  P'  is  the  P,C.a  required.  JoLj 
P'  Ox  and  produce  it  to  meet  BO^  produced  in  0%,  The  3 
P'0%  =  B'Oa  =:  -Rj'  the  new  radius,  with  which  describe  th.' 
arcP'^'. 

By  Geom.  Tab.  I.  18: 

PBV  =  I  POiB  =  i Aa,  and  QB'  V  =  \P'OtB  =  iAa'. 

PGP'=BOB'  =  Ka,  -  aO 

Draw  OiJK'  perpendicular  to  BO^. 

Then  OiJE"  =  P'-ff  =  ^/=  0, Oa sin  A,  =  (i2a  -  Bi)  sin  A. 

tan  iAa  =  or         ten  i Aj'  =  »7^= 


BI        ™»"«      5'jg        ^'^ 
tan  iAa' =  tan  iAa -^p #r^-T-  (1^1) 

(ila  —  -»i)  Sin  A  a 

In  the  triangle  OiOM 

sin  Aa'  :  sin  Aa ::  0x0^  :  OiOa'  ::  (2?a  —  -Ri)  :  (i2a'  —  -Bi) 

^*'  -  ^»  =   sin  A  I'  ^^*  ~  -^'^ 

B,'  =  (J?.  -  JB.)^°^',  +  B^  (122) 

sin  z\  a 

If  BV  were  outside  of  VB; 

tan  iA,'  =  tan  iA,  +  (^.j^),^^^,  (128) 

iJ,'  =  (5,  -  jB,)iJ54V  +  Ri  (122) 

sm  A  a 


When  the  smaller  radius  Bi  foUam  B,:  ^  the  given 
tangetUB'V  is  inside  ofBV.    Fig.  49. 


tan  iA.'  =  tan  iA.  +  -^--|j-__        (124) 


A'=i2.-(B,-K0^^.  ^^-'^ 
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IfBV  w  outside  ofBV: 

taniAi'  ^  tan-jAi  — 


^i'  =  Rt  ~"  {fi%  ~"  Ri) 


{Ri  —  Ri)  sin  A 1 
sin  Ai 


sin  Ai' 


(126) 
(125) 


Fio.  49. 


Example  1,—Fig.  48. 


Let  22,  = 

"    Rr  = 

2292.01       1) 
1432.69     As 

=  20.07  inside. 
=  28° 

28° 

11°  17' 
22°  34' 

28° 

(121)  R^-Ri=z 
As 

859.32 

20.07 

.04975 
.24933 

log  2.934155 
log  sin  9.671609 

P 

2.605764 
1.302547 

tan^A, 

8.696783 

.'.  tan  iAa' 

(122)           A,' 

(i2,  -  Ri) 

.19958 

1051.25 
1432.69 

sin  9.584058 
2.934155 

A, 

3.350097 
sin  9.671609 

(A'  -  Ri) 
Ri 

3.021706 

^i«*      -ft'      ;84a8.94  .\  D  =  yiB'^" 
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Example  2.— Fig.  49. 
Let  Ri  =  2292.01 


p  —  20.07  ingide. 


R^  = 

=  1432.69      Ai 

=  46° 
46° 

28° 

24° 
49° 

46° 

33i' 
07' 

• 

(124)  iJj  -  R, 

Ai 

859.32 

20.07 

.03247 
42447 

.45694 

817.60 
2292.01 

log  2.934155 
log  sin  9.856934 

P 

2.791089 
1.302547 

tan  iAi 
.-.  tan^Ai' 

.-.    Ai' 

R2  —  Ri 

8.511458 

log  sin  9.878547 
2.934155 

Ai 

3.055608 
log  sin  9.856934 

R^ 

2.912542 

Am.       Ri'  =  1474.41  .  •.  D  =  3°  53'  12' 

PO^P'  =  Ai'  -  Ai  =3° or  . •.  arc PP'  =^^^  =  124.67ft. 

Observe  that  in  either  figure  both  tangents  must  be  on  the 
same  side  of  the  point  G,  in  order  to  a  solution. 
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1 TI0  Giten  .*  a  eompouvd  curne  euding  in  xk  toMv^enA,  \ft 
e^n^e  the  last  radius  and  also  t?ie  positiou  of  live  V*^%^* 
^  tJ^t  the  curve  may  end  in  the  same  t«»«cttt%  7B\^.  ^. 
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L  When  the  ewne  encb  with  the  greater  radius  ^. 

Let  APB  be  the  compound  curve  in  which  ^i  ^a  a  i  and 
A3  are  known. 

In  the  diagram  draw  the  chord  PB  and  produce  the  first 
arc  AP  to  meet  it  in  O;  draw  OiO,  and  produce  it  to  meet  the 
tangent  in  K,  Then  by  §  137  OiK  is  parallel  to  O^B,  and  by 
eq.  (57) 

0K=(B2-  Bi)  vers  a»  (127) 

J^  we  assume  P'  as  the  new  P.  G.  C,  we  have  A  a'=  P'O^'B', 
and  the  chord  P'G  produced  will  intersect  the  tangent  at  the 
new  point  of  tangent  B\  and  BOi  =  B%.  Similar  to  eq.  (127) 
we  have 

OK=z(R,'  -  iJ,)  vers  A  a' 

and  equating  the  two  expressions,  we  obtain 

'  vers  Aa  vers  Aa 

If  we  assume  Ral  we  have 

I        Bi  —  Bi                        QK  x^«.«.v 

vers  Aa  =  -pi p-  vers  Aa  =  p^ ^         (129) 

In  the  two  right-angled  triangles  BKG  and  BKG,  we  have 

BK==  GK  cot  iAa 
B'K-  GK coi\A^' 

and  by  subtraction, 

BB'  =  (7^ (cot  iAa'  -  cot  i Aa)  (130) 

in  which  G^-ff'is  obtained  from  eq.  (127). 

When  BB  as  given  by  eq.  (130)  is  negative,  the  point  B'  falls 
between  B  and  V. 

If  we  assume  the  distance  BB'  on  the  tangent,  we  have 
from  the  last  equation, 

cotiA,"  =  cot  ii^t±~  KSHs 


{ 
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G^JK' being  obtained  from  eq.  (127)  and  J2a'  from  eq.  (128).  In 
eq.  (131)  use  tlie  +  sign  wlien  B'  is  beyond  i?  as  in  the  Fig.  50. 

II.  When  the  given  curve  ends  with  the  smaller  radius 
R,.    Fig.  51. 


Pio.  61. 

We  have  by  a  similar  reasoning 

OK  =  (i?a  -  Bi)  vers  A,  (132) 

ig,^  =  2g,,(^- -covers  A.  ^ GK_ 

vers  Ai  vers  Ai  ^ 

,  B2    Bl  GK  ,^ni\ 

BB  =  <?^(cot  iAi  -  cot  iA,')  (135) 

cot  iAi'  =  cot  i Ai  ±  -g^  (136) 

using  the  —  sign  when  B'  is  beyond  B. 

Example. — Fig.  51. 

Let  Bu  =  2292.01,    Bx  =  1432.69,    A^  =  46%  and  let  the 
J^.  ao.be  moved  back  200  feet  irom  P  \.o  F  \  V<eii^  PO;P  - 
^"and  Ai'  =  51°:  to  find  the  new  xajeLma  Rv  wi^XJt^^ ^^\a»R! 
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Eq.  (182)  ^  - 

Br 

859.32 

707.86 
2292.01 

46° 
61° 

idi)  = 

23° 
25° 

r3° 

30' 

log 
(( 

log 
(( 

37' 
log 

log 

2.934155 
vers  9.484786 

.-.  QK 
eq.  (133)  Ai' 

2.418941 
vers  9.568999 

2.849942 

eq.  (135)  GK 

COtiAi 
COtiAi' 

1584.16  ai 

2.35585 
2.09654 

2.418941 

0.25931 
68.04 

9.413819 

.-.  JJS' 

1.832760 

172.  Qivem,:  a  compound  curve  en4iiig  in  a  tangent,  the  lent 
radius  being  the  greater,  to  change  the  last  radius  and 
also  the  position  of  the  P.C.C*  so  that  the  curve  may  end  at  the 
same  tangent  point,  hut  vjith  a  given  difference  in  the 
direction  of  the  tangent.    Fig.  52. 
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Let  APB  be  the  given  compound  curve,  Pd  ^  Bi  and 
POj  =  Bi  >  ^1. 

Let  F'^  be  the  new  tangent,  and  the  angle  VBV  ^  i,  the 
^ven  dijfference  in  direction :  to  find  B0%  =  E^^BO^'P'  '^ 
{\g'aDd  the  angle  POiP'. 


BO,  -  0,0,  =^  E,  - 
SOi'  -0,0-,'  =Ei  ' 


(Jl/-  if,)  ^  Ji, 


From  whiuh  we  auc  that  whiitever  raaj  lie  tUc  value  of  Ibe 
'  radius,  tlie  difftrenee  of  tlio  dLstauccs  from  B  and  0,  Vi 
new  centre  is  eoantant,  and  equal  to  Ri.  We  therefoiv 
ooncludu  timt  tlie  centres  0-,  iiud  Oi  are  on  nu  hyperbola  ot 
which  B  aud  0,  are  the  foci,  and  R,  tlie  major  asis. 

This  Buggeata  an  easy  graphical  Uietbod  of  solving  the 

Through  B  draw  a  line  perpendicular  to  the  new  tangent 
V'B  which  win  give  the  direction  of  the  required  centre  Oi. 
On  tliis  line  lay  oS  BK  equal  to  R„  and  since  (ft'  —  E.)  = 
,<),  Oj'  =  KO,'.  if  we  loin  KO,,  the  triangle  EO,'  0,  U  isosceles; 
therefore  bisect  KOi  and  erect  u  perpendicuiar  from  tl 
die  point  to  intersect  the  line  Bffproducod  in  Oj'.  Draw  Ot(^ 
and  produce  it  to  mtcrscct  the  are  AP  (produced  if  a 
In  P  .  Then  P'  is  the  new  P.aC.  required,  and  BO,' i 
P'O,'  =  Ri,  the  new  radius. 

The  analytical  solution  is  as  foliows : 
Adopting  the  usual  notation  of  the  hyperbola 


3t  Sd  =  iii     =  the  major  asis, 

'  3c  —  JIO,  =  the  distance  between  foci. 


Produce  the  arc  AP  and  through  B  draw  the  taogent  BE 
and  Join  HO,  =  B,.     Then  in  the  right-angled  tnangle  BW: 


BH'  - 


-4a' 


Now  by  Anal.  Qeom.,  c^  —  a'  —  1^. 
Therefore  24  =  BH  =  the  minor  axis. 
Draw  the  chord  FB  and  produce  the  arc  AP 
Then  by  Geom.  (Table  L  24) 

B^'~  FBX  0B=  %B,  svD  ^  ^,  X  *i*,lli  - 
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Let  CL  =  the  angle  HOiB,  then 

Jiff  f> 

tan  a  =  ^=-  and  BOi  =        '  (138) 

i?i  cos  a  ^      ^ 

In  the  triangle  BOxO^  let  Oi-BOa  =  /?  ;  then 


8m/g=  ^^Q^'  sin  Aa  (139) 


The  polar  equation  of  the  hj^perbola  for  the  branch  lOM, 
taking  the  pole  at  B  and  estimating  the  variable  angle  lo  from 
the  line  BOu  is 

r  = 


c  .  cos «?  —  a 


When  V  =  /5  ±  i,  r  =  iJa',  and  substituting  the  values  of 
«,  6,  and  c  found  above,  we  have 

^''  "=  2  (50i  cos  (/?  ±  0  -  -Ki)  ^^^^ 

^^Dg  (y^  +  0  when  F'  falls  between  V  and  ^,  as  in  the 
figure,  and  (ytf  —  *)  when  V  fails  beyond  F. 
In  the  triangle  BOxO^\  the  angle  BO^Ox  =  Aa'  and 

sin  A,'  =  j^_^^  sin  (/S  ±  i)  (141) 

Finally 

POiP'  =  Aa  -  (Aa'   ±  i)  (142) 

^rmrh—When  V  falls  between  Fand  A,  as  in  Fig.  52,  if 
the  angle  i  be  greater  than  the  angle  VBEy  the  curve  ceases  to 
^  a  compound,  and  becomes  reversed.    Therefore  VBII  = 
^  —  /?  is  the  maximum  value  of  *  possible  In  t\i\a  casa.  '^^3ie^ 
^' falls  beyond  F,  the  point  P'  will  fall  \)eVwee\i  P  ««A  M 
^d  the  largest  possible  value  of  i  y^W  then  \»  VYi^X^^s^^^ 
^^odera  POiP' =z  Ai,  and  makes  the  x>oiiit  P*  coVrw^Aa^w^^  A. 


A. 

56° 

log  sin 

(140) 

^M 

21°a8'O0*.3 
27°  28'  CHt'.a 

log  sin 
log  cos 

BS' 

1737.09 
1433.69 

294.40  X  3  =  588.80 

£,■ 

S949.05 

(141). 

A,'  =  36°  18'  36- 

(143). 

PO^P■  =  13°  41' 84'  = 

313.3  feet. 

Bemark — This  problem  may  also  be  solved  by  first 
the  new  sides  V'A,  V'B,  from  wbicL  and  the  nc 
ang1e(A  ±  i),aDd  the  radius  ili,  may  be  found  At 
Bi,  as  in  §  163.  The  new  sides  arc  readily  found  fi 
old  ones  by  solving  the  triangle  VBV.  If  the  origiol 
are  not  given,  they  must  be  calculated  as  In  g  164 

173.  Otoen :  a  eompound  curve  endiTig  tn  a  tatq 

la^radimbang  the  less,  ta  change  th«  last  radiua 

posilion,  of  ilie'P.G.C  bo  tftal  fts  curw  mo,y  end  al  tl 

tangent  point,  b-ut  with  a  g\\e»  ^iSfeT«fiM 

itllrcetion  of  tangent.     Fig.  63. 
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Let  APB  be  the  given  cur7e,  and  PO^  =  Et,  and  POi  = 
Ri  <  Rt.  Let  F'-Bbe  the  new  tangent,  and  VBV  =  t,  the 
given  angle;  to  find  BOx  =  5/,  BOi'P'  =  Ai',  and  PO^P'. 

We  have 

BOi  +  OiOa  =  i2i  +  (JB,  -  iJi)  =  i2a 
BOi'  +  Oi'O,  =  Rj!  +  (5,  -  iJ,')  =  iJa 

from  vfrhich  we  infer  that  the  locus  of  the  centre  Ox  is  an 
ellipse,  of  which  B  and  0%  are  the  foci,  and  R^  the  major  axis, 


Fio.  53. 

since  the  sum  of  the  distances  BOi  and  OaOi'  is  always  equal 

to^a. 

This  suggests  an  easy  gri'a'Pbical  solution  of  the  prob- 
blem,  as  follows : 

Perpendicular  to  V'B  draw  the  indefinite  line  BK,  which 
will  contain  the  required  centre  Ox\  and  layoff  BK  =  i?a. 
Join  JTOa,  bisect  it,  and  from  the  middle  point  erect  a  perpen- 
dicular to  intersect  BK  in  Oi'.  Join  OaO/,  and  produce  the 
line  to  intersect  the  arc  AP  (produced  if  necessary)  in  P\ 
which  is  the  new  P.C.O,  required.  P'Oi  =  BOi  =  Ri\  the 
required  radius,  and  P'Oi'B  =  Ai'. 

The  analytical  solution  is  as  follows  :  Adopting  the 
usual  notation  of  the  ellipse, 

let  2a  =  Ri    =  the  major  axis, 
"  ^  =  BOi  =  the  distance  between  io«i\. 
MBmct  ^ir  perpendicnlHT  to  J50,  to  intetaect.  l\v€^  «^  ^ 
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(producod  if  necessary)  in  R.   and  join  i/0,  =  U\.     Tl 

BW  =  li,'  -  BO,''  ^  4a'  -  fe' 
But  by  Anal.  Geom.,  o'  —  c^  ^  h'. 
Bence  2b  =  BH  =  Uic  minor  axis. 

In  the  Iriiingle  B0,0,  wo  know  BO,  =  i?„  and  OA 
S,  -  II,.  aiirttlie  included  angle  50,0,  =  180"  -  A,:h.Q 
.  by  Trig.  (Tab.  II.  25) 

tan  i(0,0,B  -  0,B0,)  =^^^-~!  taai A,        (W 

iQ  angles  at  B  and  0,  are  then  found  hy  (Tab.  IL 
Let(S=  the  angle  0,B0,:  then 

BO,  =  {lu  -  B.)-~^  a* 

The  value  of  BH*  aljove  may  be  written 

BE'  =  {Il,  +  BO,)  (B,  -  BO,)  {U 

Tlie  polar  equation  of  the  ellipae,  taking  the  pole  at  B, 
cstiiuatuig  tbc  variable  angle  v  from  the  asia  BO,,  is 


-"■'  -  2(1{,  -  BO,  C08(/S  T  ()")  *** 

using  (^  —  j)  when  V  ffills  between  Fand  A,  as  in  Rg. 
and(;i+*)  when  F  falls  beyond  F 

In  the  triangle  BO^'O,.  the  angle  0,'BO,  =  (/(t  i),  and 
exterior  angle  BO,'P'  =  Ai';  hence 

Wfce/i   P"  J8  on  A  V,  then  PO,P'  \a  nesa.1.CTe,  &\iD-«\'ac,%iA 
Bust  I»e  Jaid  off  from  P  towaicd  A;  \m\  -wVaQ  V  \a\is4ftw 
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7,  then  POtP'  is  positive,  and  P'  will  be  on  AP  produced. 
The  only  limits  imposed  on  the  angle  i  are  that  the  resulting 
value  of  PP'  shall  not  exceed  PA,  and  that  Bi'  shall  not  be 
than  a  practical  minimum. 

Example. — Fiff.  53. 

Let  A  =  3°  20'      iJa  =  1719.12      As  =  23°  20' 
A  =  6°  iJx=    955.37      Ai  =  48" 

The  resulting  values  are  as  follows: 

21''  09'  32'.6 
1572.42 


1  =  7'' 45' 


BO, 

Hi 

PO,P' 

PP' 


1273.65 


3.196567 
5.683829 
3. 105052 


54*^56' 
14°  41' 


440.5 
(See  also  remark  at  end  of  §  172.) 

174.  Given  a  simple  curve  joining  two  tangents,  to  re- 
place it  by  a  three-centred  compound  curve  between 
^same  tangent  points.    Fig.  54. 


Fig.  54. 

Let  R  =  AO  =  radius  of  simple  curve. 

R,  =  POx  =  P'Oi  <  i?    A,  =  POiP' 

Ri  =  AO2  =  BOz  >  R    Ai  =  AO^P  =  BOtP' 

A  =  AOB 

nee  AOi  is  made  equal  to  BO^  and  VA  =  VB  ,  AOtPmust 

ual  BO9P',  and  the  compound  curve  will  be  symmetrical 

•out  the  bisecting  line  VO;  and  the  centre  Ox  will  be  on  tha 

wVO. 

We  have  at  once  from  the  figure, 


128  FIELD  EKOnTEERINO. 

In  the  triangle  00x0^  we  have 

OxOa:   00a  ::sm^0F:8lnP0iF 


whence 


ij,  _  J?,  =  («»_-4«EiA  (150) 


which  expresses  the  general  relation  between  the  quantities, 
B  and  a  being  given. 

We  may  now  assume  values  for  Bx  and  Bt  subject  to  the 
above  conditions,  viz.,  Bx  <  B  and  B9  >  B;  whence 

sm  i  A 1  =  ^^ If        jf  (151) 

In  selecting  values  for  Bi  and  i?a,  the  degree  of  curve  Di 
should  be  but  little  greater  than  D  of  the  simple  curve,  say 
from  30  to  60  minutes,  while  D^  may  be  taken  at  ^D  to  ^D. 

Example.-Giyen:     B  =  1719.12    2)  =  8°  20'     A  =  40" 

Let  Bi  =  1432.69    A  =  4" 
*'  iJa  =  5729.65    D.  =  V 


Bi-  B       4010.53 
Bi  -  Bx       4296.96 

20° 

18°  36'  57* 

37°  13'  54" 

1°  23'  03" 

log  3.603202 
"  3.633161 

iA 

"  9.970041 
log  sin  9.534052 

iA, 
A, 

AP  =  P'B   138.4  ft. 

"    *'    9.604093 

Again  we  mxiy  assume  A  a  and  i?i,  whence 

Ai  =   A  —  2Aa 
and 

j^        B  sin  iA  -  i?,  siniAi  ,.^0. 

iia  =  —   .   — 1 -. — , (153) 

sm^A  —  sm  iAi  ^ 

Example.-'GivcTi.  B  =  1719.12     A  =  40° 

Let  Bx  =  1432.69     Aa  =  1'  .'.    Ai  =  SS** 
Ans.  Bi  =  7387.24    .  • .  A  =  0°  46^'    AP  =  129. 

Mn^ly  we  may  assume  Aa  and  Bi,  and  deduce  Ai  and  Bx 
from  eqs.  (149)  (150);   but  this  is  the  YeaisX  ^•eawiJX^'fc  \3«c»safc 
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'.  the  Talue  of  Rt  so  found  will  not  usually  give  a  convenient 
value  to  the  degree  of  curve  Di. 

175.  To  determine  the  distance  HH'  between  the  middle 
pmnti  of  a  simple  curve  and  a  three-centred  compound  curve 
joining  the  same  tangent  points  AB,    Fig.  54 

In  the  triangle  OOi  Oa,  we  have 

siniA 
EH'  =  OOi  +  OiH'  -  OR 

.-.  RH'  =  (iJa  -  ^^)^~l  -{R-  iJ.)     (153) 

In  the  first  example  given  above  HH'  =  14.55,  and  in  the 

second  HH'  =  17.05  ft. 

In  many  instances  the  distance  HH'  is  so  great  as  to  render 
this  problem  practically  useless,  unless  the  distance  HHi  is 
discounted  beforehand  by  putting  the  simple  curve  AHB  a 
sufficient  distance  inside  of  the  proper  location  through  the 
point  H\    But  the  problem  given  below  is  usually  preferabla 

176.  Given,  a  simple  curve  joining  ttco  tangents  to  re- 
place a  by  a  three-centred  compound  curve  which 
sliall  pass  through  the  same  middle  point  H. 

L  7^  curve  flattened  at  the  tangents.    Fig.  55. 

Let  Ii  =  AO,  the  radius,  and  A  =  the  central  angle  of  the 
simple  curve  AHB,  and  let  H  be  the  middle  point. 

Let  Bi  =P0i=H0i  A 1  =  POxP' 

•*  Ba=PO,=zA'0^  =  B'Ot  A^  =  PO^A'  =  P'0,B' 

"  A'  and  B'  be  the  new  tangent  points  required. 

We  have  at  once,  as  in  the  last  problem, 

2Aa+Ai  =  A.  (JLW^ 
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8ince  the  curve  is  to  be  symmetrical  about  VO,  HP  =  BTJ^ 
FA  =  P'B,mdAA' =  BB'.    „, 


Fia.  55. 

In  tlie  diagram  produce  the  arc  HP  to  G^,  and  draw  Oi^ 
parallel  to  OA,  and  produce  it  to  K.  Then  a  tangent  line  a1 
O  will  be  parallel  to  VA ;  and  by  §  137  the  point  G  will  be  od 
the  long  chord  5"^.,  and  on  the  long  chord  PA',  GK\s\h& 
perpendicular  distance  between  parallel  tangents,  and  the 
problem  is  similar  to  that  given  in  §  171 ;  whence  by  eq.  (57) 
we  have,  in  this  case, 

GK  =  (iJa  -  iii)  vers  Aa  =  (i?  -  El)  vers  i  A.    (155) 

for  the  general  equation  in  which  R  and  A  are  given. 
Analagous  to  eq.  (130)  we  have 

AA'  =  KA'  -  KA  =  GK  cot  GA'K  -  GK  cot  GAK, 

. '.  AA'  =  GK  (cot  i  Aa  -  cot  iA)  (156) 

in  which  GK  is  obtained  from  (155). 

We  may  now  assuine  values  for  B\  and  i?a,  making  Ri  <R 
and  i?2  >  /?,  and  deduce  the  values  of  A  a,  Ai,  and  AA'. 
Solving  eq.  (155) 

♦• 
(M  -  Rx)  vera  ^  Zi  G  K  ..  .^ 

^.  (ld4)  gives  Ai,  and  eq.  (156)  gvvea  A  A 
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Ef     Example,— Fi^ 

Given:  B  = 
LetiJi  = 

(155)  R-B, 

r.  55. 

764.489 

716.779 

3437.870 

47.71 

2721.091 

158.00 
43.5081 
5.6713 

i>  =  7°  30' 
i>i  =  8" 

i>a  =  r  40' 

20° 

(say)  2°  88' 
Ai  -34°  44' 
=  cot    1°  19' 

cot  10° 

on<1     2?       ^     27. 

A  =40° 

log  1.678609 
log  vers  8.780370 

OK 

log  0.458979 
"  3.434743 

1    •'■               A, 

1    '.          A'P 

(156)       iAa 

iA 

log  vers  7.024236 

OK 
AA' 

37.8368 
108.87 

log  1.577914 
**  0.458979 

'*  2.036893 

Ai  =  A  —  2Aa 

and 

eq.  (155)    OK  =  (B  -  Bi)  vers  i  A 
and 

B9  =  ^1  -\ 

'    vers  A  a 


(158) 


\  (156)  gives  AA', 

Again,  we  may  assume  As  and  the  distance  AA' \  whence, 
from  eq.  (156) 

A  A' 

OK  =     ,,     ^^     ,,  (159) 

cot  iAa—  cot  iA 


eq.  (155)       Bi  =  B  - 


OK 


vers  iA 


aq.  (158)  gives  i?,. 
Again,  we  may  assume  Bi  <  B  and  AA' ;  then,  eq.  (155) 


ind  eq.  (156) 


G'^=(iJ-i?i)versiA 

A  A! 

cot  iAM  =  cot  iA  +  -^ggr 


^^^ 


deq.  (158)  ffives  lU. 
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Example. — Fig  55. 

Given:  B  =    764.489       i>  =  7°  80'        A  =  40** 
Let  El  =    716.779        A  =  8" 
*'  AA'  =    110. 

Hence  by  last  example, 

GK  log  0.458979 

eq.  (160)  AA'        110.  2.041393 

38.2309  1.682414 

cotiA  5.6718  10* 

.-.      cotiA,         43.9022  n8'18'        log  1.642486 

(158)  A  a  (say)      2' 87'      log  vers  7.0181^ 

GK  0.458979 

B^-Bi      2759.5  aiSS^ 

i2a       3476.3  Da  =    1°  89' 

AF'        157.  Ai  =  34**46' 

II.  The  curve  sharpened  at  the  tangents.    Fig.  56. 

This  case  will  only  occur  when,  with  a  given  external  dis- 
tance Vff,  a  simple  curve  would  absorb  too  much  of  the  tan- 
gents. 


\H 


\ 

\^V^ 

\ 

\     '   \'    J 

\ 

\            A,   mI 

\ 

\ 
\ 

\ryy 

\ 

^rt  /     / 

5 

Fio.  66. 

Let  ABB  be  the  simple  curve,  and 
"   A'PRP'B'the  required  compound  curve. 
*'  B^  =  PO^=  HO^;  Aa=  PO^P' 

"  J?,  =  POi  =  A'Oi  =  B'O,-,  A^=  AOvP^  P'OxB'. 

fFe  have  from  the  figure, 
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In  the  diagram  draw  O^G  iMurallel  to  OA  cutting  the  tan- 
gent at  JT,  and  produce  the  arc  HP  to  G.    Draw  the  chords 
OH  and  GP,  passing  through  A  and  A'  respectively.     We 
have  then  a  discussion  similar  to  the  preceding  case,  and  to 
the  prohlem  §  171,  Fig.  51,  whence  we  derive  the  general 
formulse: 

GK=(Rt'-  Hi)  vers  A,  =  (iZ,  -  i?)  vers  i  A     (162) 
and 

AA'  =  GK (cot  i Ai  -  cot  iA)  (163) 

1.  Assuming  Rx  <R  and  B%>  R 

GK  Rjt  —  R  ,  y^/,jx 

2.  Assiuning  A.  <  iA  and  Bi  <  B 

^  BrersiA- Buyers  A, 

vers i A  —vers  Ai  ^     ^ 

3.  Assuming  Ai  <  iA  and  A  A' 

A  A' 
(^^  =      ,,.  ,1.  (166) 

COtiAi— COt^A  ' 

R^  =  R,+  ,^  (167) 

'   vers  iA  • 

R,=R^ ^^  (168) 

vers  A  J 

4.  Assuming  i^a  >  i?  and  AA' 

GK  ={Ri  —  R)  vers  i  A 

AA' 
cot  iAi  =  cot  lA  +  -^^-  (169) 

The  third  assumption  will  usually  secure  most  readily  the 
desired  curve.  AA'  should  be  assumed  as  small  as  the  nature 
of  the  case  will  allow,  and  Ai  should  not  be  much  smaller 
than  iA. 

It  is  evidently  not  necessary  that  the  new  curve  should  be 
symmetrical;  for  having  laid  out  the  curve  APHy  the  avmi^le 
curve  HBmay  then  he  used,  or,  if  desirable,  bohv^  ^iotk^wm\\ 
urre  MP'B'  determined  by  an  assumed  N«^\ie  ol  BB'  'ao\ 
'ual  to  AA\ 
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Those  fonnulie  (164)  to  (169)  are  readily  adapted  tn  the 
case  of  BubstitulJDg  a  compound  for  a  simple  curve  when  it 
is  necessary  lo  keep  one  tangeot  point  flsed,  but  to  move  lie 
other  a  certain  diatanec  in  either  direction  on  the  taDgenl. 
For  if  in  Piga.  SS,  60,  we  draw  a  tangent  at  J/,  und  niaketf 
tbo  fixed  point  of  tangent,  it  is  evident  that  tlie  central  w)gle 
of  the  curve  will  tlieu  lie  AOH.  The  only  change  necessarj, 
therefore,  to  adopt  the  formula  to  this  casi;  is  to  write  a  In 
place  of  i&,  and  to  observe,  instead  of  eqs.  (154)  (161),  that 


Erampte.— 


7.55. 


Assume    AA'  = 
Eq.  (188)  AA' 

/CotiA, 
cot  J  A 

=     300.         A 

=     260, 

3.90431 
2.60509 

.20913 

Off 
E(i.   (167)  i  A 

3384,07 

i? 

1910-08 

177.  Given,  two  curves  jmned  b 
t  replace  the  tang'ent  by  a,  c 

the  given  owrvev    Fig.  57. 

Let  R,  =  BO,  the  radius  of  oi 

"    Rt  =  AO,  the  radius  of  the  other  ci 

"       I  =  BA  tlic  common  tangent, 

"    Si  =  PO,  =  P'O,  the  radius  of  connecting  curve. 
"    a,  =  POiP'  tlie  central  ung\c  ot        "  " 

"      a^AO:,P-  and  ft  ^  BO,P. 

*■=    AO,0y. 
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In  the  diagram  join  OiOt  and  draw  OiO  parallel  to  BA. 
Then  in  the  right-angled  triangle  Oi  QOs  we  have, 


cot»  = 


0^0,= 


Bt  —  Bi 


I 


cost 


sini 


(170) 


(171) 


which  gives  the  distance  between  the  centres  of  the  given 
curves. 


Fia.  57. 

We  shall  now  assume  the  following  geometrical  truths, 
which  may  be  easily  demonstrated. 

If  two  circles  intersect  in  one  point,  they  intersect  in  two 
points;  and  the  line  joining  the  two  points  is  the  common 
chord. 

The  common  chord  is  perpendicular  to  the  line  joining  the 
centres,  and  when  produced  it  bisects  the  common  tangents. 

If  a  third  circle  is  dmwn  touching  the  two  circles,  a  tangent 
to  the  third  circle,  parallel  to  the  common  tangent,  will  have 
its  tangent  point  on  the  common  chord  produced. 

Conversely,  therefore,  if  the  tangent  BA  be  bisected  at  JT, 
and  a  line,  KI,  drawn  perpendicular  to  OiOs,  ^/will  coincide 
with  the  common  chord  produced,  and  the  angle  IKA  — 
AOaOi  =  i*  If  on  JT/  we  assume  a  point  /  through  which 
it  is  desirable  that  the  connecting  curve  should  pass,  then  /  is 
the  tangent  point  of  a  tangent  parallel  to  BA ;  consequently 
a  line  through  J  perpendicular  to  BA  conlaAna  t\i&  x»q^^ 
centre  0%, 


L  Let  p  =  HI  =  the  perpemlicular  distance  between 


If  in  the  diagrain  we  join  lA  and  IB,  niid  produce 
chords  to  intersect  the  given  curves  in  Pand  P',  then  Pi 
P'  are  the  points  ot  compound  curvature;  aiid  tlie  lines  1 
and  P'Oi  produced  will  intersect  lO,  in  the  same  point ' 
and  the  angles  PU,!  =   a  and  PO,I  =  0. 

Ill  the  triangle  AIB  the  line  KI  bisects  the  base  AB,  a 
wo  liuve  by  Geom.  Tob.  I.  35. 


ADA 


Br  =  2AK'  +  2KI' 
AI=2iB,-  It,)unia 

BI  =  3(^,  -  Ri)  Bin  i^ 
AK  -  \l     and     EI  =  -,^ 


Dividing  by  3  and  putting  ti 
2  Bin*  i^  (Tab.  11  46) 

(a,-Jt.)'TerBa  +  (iJ,- 

Butbyeq(67) 

(A- 


?,)  vers  a=(Ilt-  R,)  vere  /?  =  y 
(3ft,  -  (fl.  +  i?i))=  IP  +  ^-. 


2i;,  =  {fl,  +  j;o+4^  +  ^i^,7 

a«| 

From  (173) 

1 

™™"     ie,-i;.- ''^"^     A -A 

a.J 

and  from  Hie  figure 

1 

These  formuliB  solve  tbe  proWcm  w^cn  -p  ^a  »i»BBtA.  ■* 
t^/raZi/e  we  may  find  a  and  ^  \odii'pcvi4wA\5  ol  a,.to 
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ihe  triangle  AIB,  LAB  =  ^a  and   TRA  =  \P\  and  since 

AH       V  —  SK        I  ^.        ,_^, 

cotia  =  -g^  =  A__  =_  ~  cott        (176) 

n.  In  ecue  a  or  fiu  assumed,  we  have  from  the  last  equa- 
tion 

^  ~  2(cot  ia  +  cot »)  ~  a(cot  i/J  -  cot  t)         ^^"^^ 


m.  In  case  the  radius  Bt  is  assumed,  then  in  the  triangle 
OiOiOz  we  know  all  three  sides ;  for  OiO^  =  (i^  —  lii), 

OA  =  (J2a  -  i?x),  and  OiO,  =  ^'""^' 

cost 

By  Trig.  (Table  H.  31.) 

vers  A    -8(^-Q»Q«)(^-Q«Q») 
vers  A,  -  ^^__-___ 

in  which  s  =  ^  sum  of  the  three  sides. 
Substituting  values,  and  reducing,  observing  that, 

i;^-  l)  (;r4T+ 1)  =  sec» »  -  l  =  tan»  t 
\cos«         /  \cos»         /  . 

nd  £hat  (Rt  —  iJi)  tan  %  =  ;,  we  have 


Q  the  same  triangle. 


OsO, 


sin  OtOiOa  =  sin  Aa  7^  x^ 

t  /rom  fAe  U^re  O^OiO^  =  i  —  fi,  and  tatoi'it  ^^afe  ^^^^^ 
^i^  from  eq,  (171). 
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sm  (»  —  /?)  =  ^^ ^ (180) 

We  then  find  a  from  eq.  (175)  and  p  from  (172). 

The  angles  a  and  /3  may  be  found  otherwise,  for  by  Trig 
/Tab.  II.  27)  we  have  in  the  triangle  OiO^Ot 

sin  i(0,0,Oa  -  OzO.Oi)  =  ^'%"^^'^'  cos  iA, 

or 

.  ,   a  —  A\       (-^  —  -Rj)  cos  »  cos  i  Aa 


sin(90°-(»  +  --^))  = 


Mz  —  Ml 


.  • .  cos  li  -\ g--)  =  cos  t .  cos  i  Ai  (181) 

which  is  a  convenient  formula  when  i  and   A*  are  not  too 

a  —  /3 
small.     Having  obtained  — x-^,  we  have 


a  =  iA,+^-H-^         /j  =  |A, -^-sr^         (182) 


For  a  constant  value  of  I  the  less  the  difference  of  Bs  —  i?i 
the  greater  will  be  the  value  of  the  angle  i.  When  Us  =  i?i, 
cot  ^  =  0  and  e  =  90**  and  the  tangent  point  J  will  be  on  a  per- 
pendicular to  BA  drawn  through  the  middle  point  K;  and 
a  =  fi.  On  the  contrary,  as  {R%  —  i?i)  increases,  i  becomes 
less,  and  the  foot,  H,  of  the  perpendicular  57  moves  toward 
B,  the  tangent  point  of  the  curve  of  smaller  radius  i?i.  The 
distance  HK  =  p  cot  i.  The  connecting  curve  is  farthest 
from  the  tangent  BA  at  I.  To  find  the  ordinate  from  BA  to 
the  curve  at  any  other  point,  subtract  from  p  the  tangent 
offset  for  the  length  of  curve  from  /  to  the  ordinate  in  ques- 
tion. §115,  eq.  (39)  may  be  used  on  flat  curves  with  tolera- 
ble accuracy,  even  when  the  distance  equals  several  hundred 
feet. 
IV.  It  is  evident  that  in  this  pT6b\em  B^  iq»s\>  \s^  ^jcoAitier 
tliaa  either  Bi  ox  A.     As  the  centre  0^^  Xaassn  iSkfinxet  ^Soft 
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Ime  O1O3,  Bi  grows  less,  and  is  a  minimum  when  Oa  falls  on 
the  line  0,0s.    In  this  case  we  have  Aa  =  180",  and 

JRa  =  KJK,  +  Bi  +O1O,);  a  minimum.         (183) 

This  limit  must  be  regarded  in  assuming  the  value  of  Bu. 

Since 

0,0a  -  OaOa  =  (i?a  -  B,)  -  (i2a  -  i?0  =  {Bs  -  i?,) 

a  constant  value,  independent  of  B9,  we  infer  that  the  centre 
0%  is  always  on  a  hyperbola  of  which  Oi  and  Os  are  the  foci ; 
(ft  —  Bi)  equals  the  diameter  on  the  axis  joining  the  foci; 
and  I  equals  the  diameter  at  right  angles  to  it,  for  in  the  tri- 
angle Oi(?08, 


2»  =  0,0?  -  {Bz  -BiY  (184) 

Example. — ^Fig.  57. 

Given:  iJ,  =  1432.69    B2  =  1910.08  and  1  =  400.  ' 

Assume  p=     11.4   to  find  i?a,c-f  and  ^. 

Eq.  (170)  i?8  -  B,        477. 39  log  2. 678878 

?    400.  "  2.602060 


i  89°  57' 34'  log  cot  0.076813 


1)0.(178)     i  89°  57' 34"  **   sin  9.807701 

i  89°  57' 84"   "  sin*  9.615402 

p  11.4                log  1.056906 

»  27.64                '*  1.441503 

i^«  "  4.602060 


P 


tt 


1.056905 


•  8508.77  "  8.545155 

Bz  +  Bx  3342.77 

2)  687ai8 

iJa  3439.59    (say)  8437.87 

3q.  (174)           p  11.4  *'  1.056905 

Bt-Bz  1527.79  **  3.184064 

a  7°  00'     log  vers  7.872841 

p  11.4  log  1.056905 

Bs-Bj  2005.18  **  '^.%'^^\^^ 


/^         (nearly)  6"  OT    lo^NCt^nntsWi'^ 

-A*  IB"*  OT 
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Example.— Fig  57. 

Given:    R,  -  1433.69,  H,  =  1910.08,  and  I  =  400. 
,e  Mt  =  M37.a7,  to  flud  a„  )9,a  andp. 


Eq.  (179) 

2. 

loE0.301ia« 

R,-Jt, 

2005.ia 

-'   3.3(I21» 

B,-  R, 
I* 

1527.79 

"  8.1B4Ma 
5.304130  ' 

A, 

13"  07'  22- 

log  vers  aSiS 

E<l.a70)B.-ii, 

477.38 

iaea.6W8 

I 

400. 

■'   2M2m 

i 

89°  67'  34' 

log  cot  0,076813 

Bq.  aSO)             t 

39°  57'  34' 

log  sin  9.807IU1 

A. 

ir  07'  S3' 

■'     ■'   9.356099 

ft-ii. 

1537.79 

log3,1840« 
log  ain  2.3478M 

i 

400. 

log  2.ooaoeo 

1-/5 

33-  50'  89- 

log  sin  9.745804 

^ 

0°  Ofl'  55' 

Eq.  (175)           a 

7°  00'  37' 

Eq.  (172)ii,~fl. 

log  8.1S4064 

r  00'  27' 

log  vers  7.873309 

178.  Oiiren:  a  three-eentred  tompound  euree  to  roplnce 
the  middle  arc  by  an  arc  of  differejd  radiui. 

L  Wlien  the  radiui  of  Hie  middlis  are  ig  the  greatest. 
Fig.  57. 

First  And  the  lengtli  and  direction  of  the  common  tangeni 
AB.  Let  Ag  =  centra!  angle  of  the  middle  arc,  R,  =  iis 
radius,  and  Mi  and  Ba  the  radii  of  the  other  arcs.    From  eq. 

(179). 

I  =  V2(ii,  -  S,)  (R,  -  B,)  vera  i,  (1851 

Then  find  t  hy  eq.  (170),  a  and  /3  by  eqs.  (181)  (183).  and  p  hy 
eq.  (172). 

For  the  new  arc  we  may  now  assume  a  new  value  for  p.  or 

tor  B,,  or  for  a,     IndicaUng  the  new  values  by  an  accent,  If 

^e  aMBUBie  p'  we  proceed  a,a\n  t^c\afci.  v^iftAiixn,  MRvnitw^" 

(173),  etc.     If  we  assume  JI,, -we  uae  w^.  >yi«^.  ' 

aasume  a',  we  use  eq,  (178). 
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n.  When  the  radius  qf  the  middle  a/re  is  the  least  of  the 
three.     Fig.  58. 

In  this  case  the  middle  arc  is  within  the  other  two  pro- 
duced; and  for  the  same  values  of  B1B2  and  dOa,  the  locus 


Fio.  68. 

of  the  centre  Oa  is  the  opposite  hranch  of  the  hyperbola  found 
in  §177.  When  the  centre  Oa  falls  on  the  line  OiO«,  Aa  = 
180%  and 

i2a  =  i{B»  +  iJi  -  OiOi),  a  maximum.         (186) 
Analogous  to  eq.  (185),  we  have 


I  =  V2{Bi  -  i2a)  (fit  —  i2a)  vers  Aa 
which  gives  the  length  of  the  common  tangent  TZ. 


(187) 


We  then  have  the  values  of  i  and  of  O1O3  by  eqs.  (170)  (171), 
and  of  a  and  fi  by  eqs.  (181)  (182),  and  analogous  to  eq.  (172), 

^  =  (iJi  -  i2a)  vers  a  =  (i?3-i?a)  vers  fi        (188) 

in  which  p  is  the  perpendicular  distance  HI  between  parallel 
tangents. 

For  the  new  arc  we  may  now  assume  a  new  value  for  p,  for 
i?a,  or  for  a.  Indicating  the  new  values  by  an  afccetvN.,  M'^^ 
asswune  p',  we  have,  analogous  to  eq.  (17%) 
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and  from  cq.  (ISS) 


If  we  assume  Bi',  v 


have,  analogona  to  eq.  (179), 

(191) 


3(ii,-£,')(^.-fl.') 
J  And  a  and  ft  ty  eqs.  (181)  (183),  and  p'  by  eq.  (188). 


Ill,   TF?(e»  (A«  Todiua  oj  tlie  middle  are  Jia»  an  intermedi- 
ate value,  compared  with  the  othtr  TadU.     Fig.  &9, 


lu  tUis  case,  whatever  be  the  Talue  of  H,,  we  liave 
0,0,  +  0,0,  =  (fl.  -  A)  +  (ft  -  R,)  =  {B,  - 


A) 


it  value  independent  of  R^;  hence  we  infer  that  the 
tiieu»  of  0,  is  an  ellipse,  of  which.  0,  and  0,  are  the  foci,  and 
(Ri  —  Bi)  equal  to  the  transverse  asjs. 
Let  I  =  SQ'  =  the  conjugate  axis,  and  let  t  =  Q0,0,  = 

go,o,. 

Produce  0,Q  to   O,  making  QG  =  0,<i,  Knft-V^aQOv. 
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Then  by  similar  triangles  GOiis  perpendicular  to  O1O9,  and 
[U^  G'O,  =  /;  and  in  the  right-angled  triangle  GO3O1 

OiOz  =  (i?3  -  jBi)cos  t  =  I  cot  t  (193) 

*  [  Analogous  to  eqs.  (185)  and  (187),  we  have 


I  =  V  2(Bs  -  JKa)  (iJa  -  i^i)  vers  A«  (194) 

wliich  may  also  be  derived  from  the  triangles  OiO^Os  and 

Let  a  =  O2O3O1,  and  /3  =  OaOiO, 

Then 

sm  a  =  yf-^  sm  Aa  = j tan  4.  sin  Aa         (195) 

From  the  figure  /?  =  Aa  —  «  (196) 

In  the  diagram  produce  the  line  O3O1  and  it  will  intersect 
*n  the  arcs.  At  the  points  Z  and  F,  where  it  cuts  the  inner 
^nd  outer  arcs,  draw  tangent  lines  perpendicular  to  O3O1. 
^raw  the  radius  0^1  parallel  to  OgOi,  and  the  tangent  line 
IL  at  /. 

Let  q  =  ZYandp  =  ZL  =  HI 

Then  by  the  theory  of  parallel  tangents,  §137,  the  point  /  is 
^d  the  chord  PZ  produced,  and  it  is  also  on  the  chord  P'Y; 
^nd  we  have 

p  =  ZL  =  (Ra-  By)  vers  /? .  (197) 

q  -  p  =  LT  =  (Rs  -  i?a)  vers  a  (198) 

^ndg  equals  the  mm  of  these.  But  5' =  ^Fis  the  shortest 
distance  between  the  inner  and  outer  arcs,  and  has  a  constant 
Value  independent  of  i?,.  If  we  assume  B^  =  ^{R^  +  i?,)  the 
centre  Oa  will  be  at  Q,  and  a  =  /3  =  »,and  p  =  iq.  Making 
these  substitutions  above, 

g'  =  (Bs  -  E,)  vera  i,  ^^^ 

Iso,  frowL  the  Sgure, 
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zr=  OtT-  OxZ-  OiOt, 

or, 

q  =  Bi-  Bi-  OiOm.  (200) 

In  the  triangle  ZIYwe  have  by  €kom.  Tab.  L  26, 

zr  =  IT*  +  ZT*  -  2zr(zr-  zl) 

or 

zr«  -  2ZY.ZL  =  /r«  -  z/« 

Now, 

ZP  =  4(i?,  -  B,y  sin»  i/?  =  2(i2,  -  5i)«  vers  fi 

lY*  =  4(JK,  -  B^y  sin«  ia  =  2(i2.  -  JRi)  vers  a  j 

Hence 

Zr  =  2(i2a  -  i2i)p  and  lY*  =  2(^-  -Bs)(g- j>) 

Substituting  these  values,  and  solving  for  p,  we  have 

_   ^^-BT^Br^T' — o7o; —        (^^> 

Also 

B,  =  (B^-ig)'-p.^  (203) 

For  any  other  value  of  B^,  we  have 

B,':=(B,^iq)-p'^ 

Hence 

B,'  '-B,  =  ^^{p-p')  (203) 

which  gives  the  change  in  Ra  for  a  given  change  in  the  value 
of  p 

Observe  that  as  p  diminishes  B^  increases  and  vice  f)erm. 

Having  determined  the  value  of  iJa',  we  find  p'  by  substitut- 
ing Bn'  foriJa  in  eq.  (201);  and  from  eqs.  (197)  (198)  we  have 

vers  /3'  =  g^T^  (204) 

vers  a' =  g^^g\  (.205) 
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ffid  the  change  in  the  pomts  of  compound  curvature  is  found 
>y  W  - /?')  and  (a'  -a). 

Bemark. — When  Rj  =  \(R%  +  iJi),  Aa  =  3*,  a  minimum, 
nd  the  long  chord  PP'  is  perpendicular  to  0x0%.  When  R% 
3  greater  than  this,  a  is  greater  than  ft,  and  vice  versa,  What- 
ver  be  the  value  of  iZa,  the  long  chord  PP'  always  cuts  the 
Ine  OiOs  produced  in  the  same  point  8,  at  a  distance  from  Zof 

Z8  =  Ri  vers  i\ 

►r  from  Oi  of  0i8  =  Rx  cos  %. 

This  item  will  be  found  useful  in  solving  the  problem 
graphically. 

Ex^ample. 

Let  Ri  =    781.84    Dx  =  7*  20' 
*•    %  =  1375.40    i>a  =  4M0'       A,  =  48' 
"    jB,  =  1910.08    2>3  =  3"  00' 
Letjp-p'=     11.30 
iJq.  (194)  2  log  0.301030 

Rt  -  Rt        534.68  *'  2.728094 

jBa  -  Rx        593.56  "  2.773465 

A  a  48**  log  vers  9.519657 

2)  5.322246 

I        458.27  log  2.661123 

192)       Rt  -  Rx      1128.24  *♦  3.052402 

i  23*  57'  55"  log  sin  91608721 


193)                   %  23°  57'  55"  log  cos  9. 960847 

jBs  -  i2i  log  3.052402 

OxOz  1030.98                                 log*  3.013249 

95)  i?i  -  Rx  log  2.773465 

Aa  48°             log  sin  9.871073 

log  *  2!644538 

a  25°  19'  52"  log  sin  9^631289 

96)  P  22°  40' 08" 

t03)              OxOz  log  3.013249 

too)                    q  97.26                                            1.987934 

^'-  1.025315 

p-p'  11.30                                     log  1.053078 

B%-Bm  119.78                                     ''%^^% 

'.                 A'  14&5,18  (Bay)  149495  fox  ^  W  cvia:^^. 


^ 
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(201)  Bm  -  B^' -  iq    866.50  log  2.564074 

^'^'  "  1.025315 


€t 


9 


p'  8457  "  1.538769 

(197)  E2'  -  £i        713.11  "  2.853157 

fi'  ir  S&      log  vers  8.685603 

(198)  q-p'  62.69  log  tWlS 
JS,  -  i2,'        415.18  "  2.618184 

a'  81*64'      log  vera  9.179014 

A,'  49M9' 

a'  -  a  =  6"  84'  .-.  P'P'  =  218.89 
/?-/?'  =  4"  45'  .-.  PP '     =    64.77 

The  practical  difficulty  in  changing  the  middle  arc  of  three 
centred  curves  lies  In  Uie  difference  of  measurement  that 
ensues.  Thus,  in  the  last  problem,  although  the  total  central 
angle  is  the  same,  the  new  curve  is  6.56  feet  i^orter  than  flie 
original,  making  a  fractional  station  at  P".  If  the  change  is 
made  during  the  location,  it  is  well  to  re-run  the  last  arc  from 
P"'  to  the  tangent  following,  so  as  to  eliminate  the  fractional 
station  from  the  curve. 
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CHAPTER  VIL 

■ 

I  Turnouts. 

179.  A  turnout  is  a  curved  track  by  which  a  car  may 

!  leave  the  main  track  for  another.     At  the  point  where  the 

outer  rail  of  the  turnout  crosses  the  rail  of  the  main  track  a 

Jfog  is  introduced  which  allows  the  flanges  of  the  wheels  to 

pass  the  rails.     A  frog  consists  essentially  of  a  solid  block  of 

I  iron  or  steel  having  two  straight  channels  crossing  each  other 

oa  the  upper  surface,  in  which  the  flanges  of 
[  the  wheels  pass.    The  triangular  portion  of  the 
'  upper  surface  formed  by  the  channels  is  called 
the  tongue  of  the  frog,  and  the  angle  which  the 
channels  make  with  each  other  is  called  ih^frog- 
angle.    Every  railroad  is  provided  with  a  set  of 
frogs  of  different  angles,  from  which  may  be 
selected  one  best  adapted  to  any  particular  case. 
The  frogs  may  be  designated  by  their  angles, 
but  it  is  customary  to  designate  them  by  numbers  expressing 
the  ratio  of  the  bisecting  line  FC  of  the  tongue  to  the  base 
line  ab.  Fig.  60.     Observe  that  F  is  at  the  intersection  of  the 
edges  produced,  and  not  at  the  blunt  point  of  the  tongue. 
In  the  triangle  aFC, 

=  cot  i  aFb 


aC 


and  if  we  let  n  =  the  number  of  the  frog,  and  F  =  the  frog 
angle,  then 

On  some  roads,  however,  the  frogs  are  numbered  arbitrarily, 
or  according  to  their  length  in  feet,  while  on  others  they  are 
fiesignated  by  letters  of  the  alphabet.    In  any  case  the  true 
dumber  (n)  of  a  trog  may  be  determined  "by  tYie  «^^^  l^x- 
taaJa. 


TbQ  flrat  r&ll  of  tlie  turnout  m  common  to  both  tracks, 
is  called  the  awileh-rail.  1 1  has  one  end  free,  bo  as  to  be  sbi 
ed  fium  one  truck  to  the  other  as  required;  the  free  end, 
(Fig.  61),  is  called  Ihe  point  of  tteildi.  Tbu  tangent  point 
the  turnout,  at  A,  is  called  the  heel  of  twitch,  and  the  dlelan 
AD,  is  the  leiiglji  ofe\eiteh.  The  switch-rail  should  be  seve 
fuel  lunger  than  AD,  and  the  eJLCesa  be  spiked  down  in  I 
line  of  the  maiu  track  hack  of  the  point  A.  Then  if  the  pd 
D  m  tlirowii  over  to  meet  lUc  rail  gf  tlic  turuout  at  E,  the  liwit 
rail  is  sprung  iuto  an  are,  'which  coincides  with  the  arc  of  t 
turnout,  provided  that  tlie  length  of  switch  ADhas  been  pre 
erly  taken.  The  distance  iJi"  through  which  Ihe  point moi 
is  culled  the  (ftrom  ot  the  switch.  It  varies  on  different  to» 
from  4^  to  6  inches,  but  is  usually  made  about  5  inches,  ot  IX 
feet.  Aturnout  should  be  n  simple  curve  from  the  heel  oft 
Bwitcli  to  the  point  of  the  frog. 

I80i  Oi^en:  a  maiTi  track,  atraighi,  and  a  frog  angle  F, 
determine  the  digfante  BF,  im  ffie  main  track  from  t)u  TieA 
taiteh  to  point  of  frog,  the  Tadi-ut,  r,  of  the  centre  line  of  3te 
out,  thelengthtf  chord af,cmd  improper  length  of  »>Ditch 
Fig.  6L 


Let    Cbc  the  centre  of  the  turnout 
"      F=  the  frog  angle,  JIP7  =  FOB. 
"      g  =  the  gauge  of  track  AB. 
"       r  =  radius,  aC  =  fO. 
"  DK  —  the  throw  ot  sv)'\to\i.. 
Then  themdiuiol  the  gauge  aide  ot  XUc  oaVftTiai'iaVr  \'^t 
and  ire  Imva 


or. 
whence 
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AB=  FC,  yevB  FCB 
g  =  {r-\-^)  vers  F 


(r  +  ig)  =  — ^  (207) 

vers  i^ 


The  angle  ^-FB  =  ii^ 

and         BF=  ABcotAFB  =  g.  cot  iF  (208) 

Again,  in  the  triangle  FCB 

BF=  FC.  sin  FCB  =  {r  +  ig)  sin  25"  (209) 

The  chord  a/ is  evidently 

fl^  =  2r  sin  ^F  (210) 

Similar  to  eq.  (207),  we  have 

vers^OD  =  -^7=-  =  — r— r- 

1  s:c      r  +  ^ 

But  since  the  inside  rail  has  the  same  throw,  while  its  radius 
is  (r  —  ig\  we  may,  if  convenient,  drop  the  ^,  and  hence  the 
length  of  switch  is 

^2>  =  r  .  sin  ACD  (211) 

The  degree  of  curve  corresponding  to  r  is  found  from  Table 
IV.,  or  by  eq.  (17),  and  the  centre  line  of  the  turnout  may  be 
located  by  transit  deflections  from  the  tangent  point  a,  using 
chords  of  20  or  25  feet  +  the  correction  found  in  §§  106,  107; 
or  the  deflection  for  a  20-foot  chord  may  be  calculated  at  once 

by 

sin  (id„)  =  —  (812) 

r 

181*  Simple  as  these  formulae  are,  they  maybe  rendered 
still  more  convenient  by  introducing  the  number  of  the 
frogr,  n.  By  eq.  (206)  we  have  cot  iF  =  2n,  which  substi- 
tuted in  eq.  (208)  gives 

BF  =  2gn  (218) 

Drawing  the  chord  AFU>  the  outer  rail, 

uiF=:  f'Z5«"+:eF«  =  ^ VT^V^*         ^^ 


Make  BA'  =  ABwi  join  J^J,  then  by  sirailar  Irianglt 

AAFaadAM!, 

AA-  :  AF  ::  AF  :  FC 

*""            «,=  --; 

L                                 (r +  !(?)  =  iff  {l  +  4n') 

(315(1 

Nflionoe                    r  =  2g7i''  =  BF.n 

(3Hr 

The  chord  qfUi  the  arc  of  the  centre  line  Is  t 

oAFasriH 

ir  +  lg):  hence  0/  =  -     ,  "i^.  and  BubaUtuting  valnes  fn^ 

eqa.  (314)  (31 5)  we  have 

«< 

2.       , 

fain, 

AssumiDg  that,  for  small  angles,  the  tangent  offsets  Tsry  ■ 
the  squares  of  Iheir  diatancea  from  the  tangent  puiul,  1 
will  lead  to  no  material  error  in  this  case; 


AS-.DK::  BF> :  AD^ 


I 

1^  als, 

K 


Vir .  1>K 


AD= 


or  ^Z}  =  V4n'y.  BK  = 

It  is  not  necessary  to  determine  the  degree  of  curve  is 
to  locate  tlie  turnout,  for  liaving  fixed  the  position  of  BF,  IbeH 
position  of  11/ is  found  by  laying  off  Ba.  atid  P/,  each  etioal  W 
iff.  Whatever  be  tlie  length  of  the  chord  a/,  found  by  aj- 
(217)  or  (210),  its  middli!  ordinate  is  always  iff,  and  Hie  oniin- 
nates  at  the  quarter  points,  i  .  ^g  =  ^g.  Thiis  for  the  si 
dard  gauge  of  4.708  the  middle  ordinate  is  1.177,  and  the  aide 
ordinates  0.883. 

By  the  preceding  fnrmulre  Table  XI,  has  been  calculated, 
which  gives  the  required  parts  of  a  turnout  for  various  frnrs 
when  the  gauge  is  4  feet  8J  inches  and  the  throw  5  inclir.!, 
also  for  a  gauge  of  3  feet  and  ttirow  o<  4  iuches.  For  any 
itber  thi'ow,  only  AD  must  tio  calcoVaWft,  "^Qt  a.  SAeiwiv 
ige  the  engineer  will  do  woW  to  coqbIthA  4  tfinflim  \!M.t, 
'ted  to  the  frogs  used  on  the  Toad.  ^—^ 
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In  the  table  the  frog  angle  is  given  to  seconds,  in  order  that 
the  results  may  agree,  whether  found  by  equations  in  §  180 
or  §181;  but  in  practice  the  nearest  minute  is  sufficiently 
exact.  The  frogs  most  used  for  single  turnouts  are  those 
from  No.  7  to  No.  9,  inclusive. 

182*  In  COM  of  a  doable  tumont  from  the  same  switch^ 
liiree  frogs  are  required,  as  at  F,F'  and  F\  Fig.  63.,  and  the 


switch  is  called  a  three-throw  switch,  because  its  point  takes 
three  positions.  The  frogs  F  and  F'  are  usually  alike,  and 
placed  exactly  opposite  each  other  in  the  main  track.  The 
other  frog  F"  is  placed  on  the  centre  line  of  the  main  track. 
Its  angle  F'  and  its  distance  from  a  are  now  to  be  determined 

in  terms  of  F. 

Aa 
In  the  figure  we  have  vers  F"Ca  =  ^„  ^  or 


vers  \F"  = 


9 


The  distance 
also 


^r+  \9) 
aF"  =  {r  +  \g)  sin  \F" 
aF"  =  r  .  tan  \F" 


(219) 

(220) 
(221) 


All  the  parts  of  the  turnout  required  to  locate  the  frogs  F 
and  F'  are  calculated  by  the  formulae  in  the  preceding  sec- 
tions, or  are  taken  from  Table  XI. 

If  we  let  n"  =  the  number  of  the  frog  F'\  then  by  eq.(206) 

tan  \F"  =  -o~7r#  which  substituted  in  eq.  (,2^1)  g,vie^ 


aF"  = 


2n" 


VJiaSSN 
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Also,  in  the  triangle  aF'C^ 


aF'  =  V(r  +  \gf  -  r"  =  Vg{r  +  ig)  (223) 

Equating  these  and  replacing  r  by  %gn^,  we  obtain 


(224) 


If  we  neglect  the  i,  we  have 

n 


(approx.) 


n"  =  -^  =  .  7071/1 

V2 


(225) 


Example.— li  F=  F'  =(i''  44',  or  ii  =  n'  =  8,6,  then  »' 
6.0  +  or  i?'"  =  9**  32'. 


'E-. 


183.  In  case  no  frog  is  at  Jiand  of  the  angle  or  number  giwn 
by  eq.  (219)  or  (225),  we  may  select  one  as  nearly  like  it  as  pos- 
sible, and  locate  the  turnout  as  a  compoand  curves  pro' 
vided  that  iJ^"  is  less  than  2F    Fig.  63. 


Fig.  63. 


Let  r"  =  OX  and  r  =  r'  =  or  =  Cf 
Then  analogous  to  the  equations  of  §  180, 


// 


Ltart 


i-'  '^ 


-1 


-j-^- 


al^''  =  (r"  +  iy)  sVn  \F"  =  r"  \«a\F" 


(226) 


QO^i 


yy 


QOSv 


s 


\r 


r' 
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The  length  of  the  switch,  by  eq.  (218),  is 


The  corvature  of  the  nul  between  the  frogs  F"  and  F  is 
F"CF  =  {F  -  ^F"), 

Draw  the  chord  F"FksiA  the  perpendicular  F"L\  then  the 
angle  LFF"  =  F-HF—  iF")  =  ^F  +  iF");  and  since 
LF"  =  iff, 

•    F"F  = — ^229) 

LF  =ig,  cot i (F  +  ^F")  (230) 

^!«M»pfo.— Let  2?"  =  6°  44'    J"'  =  10°  24' 


Eq.  (226) 

iflr        2.354 

iF" 

r"    569.616 

aF"      51.839 

ifl'       2.354 
F+ii?^") 

F"F     22.645 

K2^-ii^') 

2(r  +  ig)  1692.432 
r    843.862 

5°  12' 
5°  12' 

5°  58' 
0°46' 

log  0.371806 
log  exs  7.616224 

• 

Eq.  (228) 

• 
• 

2.755582 
log  tan  8.959075 

1.714657 

Ek].  (229) 

log  0.371806 
log  sin  9.016824 

• 

Eq.  (231)  i 

• 
• 

1.354982 
log  sin  8.126471 

3.228511 

When  n"  >  .  70771,  r  will  be  less  than  r".  Should  F '  not 
jqual  F,  (F"  being  given),  then  r'  and  L'F'  must  be  calculated 
ilso,  by  substituting  F'  for  i^in  eqs.  (230)  and  (231). 


184*  From  the  same  switch  in  a  straight  track  it  is  required 
'o  lay  two  turnouts  on  the  same  side*    Fig.  64. 

If  we  assume  F'  =z  F,  and  that  these  Iwo  ito^^  ^•siJX  \» 
opposite  each  other,  we  calculate  all  the  dialaaeea  o^  ^i?Ki^  ^"t^*^ 
irnout  for  the  angle  F  (ov  number  n)  by  %\^,\^^»^'^^^^ 
ihave  the  radios  r  =  Ca. 
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Let  i'  =  Q'a,  the  radius  of  the  centre  line  of  the  secoi 
turnout  The  angle  ACF  =  F,  and  since  W  =  F,  the  ang 
OF'C  =  F,  and  the  triangle  OFO'  ifl  iaoscelea,  and  C'F'  ■■ 
CO.    But  0-F-  =  C-A  =  iOA. 


(333) 


To  c&lcuhite  the  remaining  frog  at  F',  i 
(307) 


The  length  of  switch  ma^  be  calculated  hy  dtber  r  or  r 

since  for  r",  which  is  about  4r,  the  throw  of  switch  is  dtnM 

'bua  giviog  practices  Identical  tesolte. 

If  we  compare  the  valtteB  ol  P'  ea  (Aftaloe^  >i5  «^'E 

i  (SIB),  we  shall  find  Oiem  BltaotAi.'ften*««i**«  ^«sa,T 


TUBKOUTS. 


155 


of  Fand  g\  and  since  this  may  also  be  proved  analytically  by 
assuming  that  vers  ^F'  =  i  vers  F\  which  is  very  nearly 
true  for  ordinary  values  of  F',  we  conclude  that  a  set  of  frogs 
{F  =  F',  and  F*)  which  is  adapted  to  a  double  turnout  in 
opposite  directions  from  a  straight  line  (as  in  Fig.  62)  is  also 
adapted  to  a  double  turnout  on  one  side  (as  in  Fig.  64),  the 
curves  being  simple  curves  in  every  case.  But  this  being 
trae,  the  set  is  also  adapted  to  a  double  turnout  in  opposite 
directions  from  any  curved  track  the  radius  of  which  is  not 
less  than  r  as  given  for  F,  since  any  such  case  is  intermediate 
between  the  two  cases  named.  When,  therefore,  a  certain 
frog,  F,  is  adopted  for  general  use  on  any  road,  another  frog 
should  also  be  adopted,  whose  angle,  F  *,  is  determined  by 
eq.  (219),  or  whose  number  n  is  determined  by  eq.  (225). 
Thus,  if  i^  =  6°  44'.  or  »  =  8i,  then  F'  should  be  9°  32',  or 
W  =  6. 

185*  In  case  no  frog  is  at  hand  of  tJie  angle  or  number  given 
by  eqs.  (234)  (235),  we  may  select  one  as  near  the  same  angle 
as  possible,  and,  calling  this  F',  calculate  the  distance  BF' 
and  the  radius  C'F'  (Fig.  65)  as  for  a  single  turnout;  §  180. 
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Then  assuming  any  other  frog  F\  whether  equal  to  For  not, 
it  is  required  to  find  the  chord  F"F\  and  the  radius  C'F'  of 
the  arc  F'F.  The  point  F'  may  fall  either  side  of  the  radius 
CF,  according  to  the  values  given  to  F"  and  F'. 

a.  In  case  F'  falls  beyond  the  radius  GF,  we  will  assume 
first,  that  the  entire  rail  from  5  to  i^'  is  laid  with  the  same 
raditis  BO,  and  centre  O.    (This  inyealigaWoxi  «\&o  ^^^v^^\a 
the  cage  when  F'  falls  between  B  and  tkie  Wne  CF>i 
In  the  diagram  (Fig.  66)  draw  OF " .    ^e  \\ieTi\iWie. 


1 
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U^BCF"=^  =  ^  (289) 

and 

QF"  =  (r-'\g)  exsec  BCF"  (240) 

In  the  triangle  F"CF\ 

F"C-  F'C  :F"C  +  F'C::  tmV.V'F'G-- F'F"C) 

:  cot  F"CF' 
Now,  since  C'F'C  =  F\  and  BG"F"  =  F", 

.-.   F"F'C=  F"F'C'  +  F' 
and 

F'F"C=  F'F"C"  —  C"F"C=  F"F'G'  -  (F"  —  BCF") 
Letting  JT"  =  C"i?"'(7  =  (i?"'  -  5Ci?"') 

and  subtracting,  we  have 

F"F'C—F'F"G—  F'  +  U 
Hence  the  above  proportion  may  be  written 

GF"  :  25C+  GF"  ::  tan  \{F'  +  CT) :  cot  ^F"GF' 
whence 

cot  ii^"(7i?''  =  ^^^^f^"  tan  i{i^'  +^)         (241) 

(Since  BCF"  +  i?^"CT"  =  BCF\  and  we  know  the  radius 
BCy  the  chord  or  arc  BF'  is  easily  obtained,  which  fixes  the 
position  of  the  frog  F'\  and  the  problem  may  end  here, 
frequently,  in  practice.) 

Now  in  the  same  triangle  F"GF\  the  half  mm  of  F" F'C 
and  F'F"C  is  90°  -  ^F"CF'\  while,  as  we  have  just  seen, 
the  half  difference  is  ^F'  +  CT);  and  by  subtracting  we  have 
the  less,  or 

F'F"C  =  90"  --  i(F'  +  U+  F"CF')  (242) 

F'GBmF"GF' 


Now  F"F'  = 


sin  F'F"G 
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To  find  the  angle  F"  OF;  produce  the  line  F'C  in  the  dia- 
gram to  intersect  the  line  BC  at  K.  Then  the  two  triangles 
KC'C  and  KCF'  have  the  angle  JT  common,  and  the  sum  of 
the  other  angles  will  be  equal;  that  is, 

KC'C  +  C'CK  =  EOF'  +  CF'K 

or  F"  +  F"CF'  =  BCF'  +  F' 

and  since  EOF'  =  BCF"  +  F"CF' 

.-.  F"CF'  =  F"GF'  +  F'  -  U  (244) 

If  we  denote  the  radius  F'C  hj  r'  -{-  ig 

^  +  ^  =  8iaty7'J"  <^ 

ExamjOe.—QlYen:  the  three  frogs  F  =  6°  43'  59',  F'  = 
6°  01'  32',  and  F'  =  8°  47'  51'  to  lay  a  double  turnout  on  one 
side  of  a  straight  track.    Fig.  65. 

By  Tab.  XI.  BF  =  80.036    r   =  680.306  AB  =  23.82 
BF"  =  61.204    r"  =  397.826 

Eq.  (239)               BF"      61.204  log  1.786779 

(r-ig)    677.952  •*    2.831199 

BCF"  5°  09'  38'        log  tan  a955580 


Eq.  (240)  BCF"  5**  09'  38'    log  exsec  7.609587 

(r  -  ^)    677.952  log  2.831199 

OF"        2.760  "    0.440786 


Eq.  (241)  (25C+Gf/7")  1358.664  "    3.133112 

(Cr=3*^38'13')  2.692326 

i(F'  +  U)                  4°  49'  52*.  5  log  tan  8.926968 

HF"  OF')                  1°  22'  35'  "   cot  1.619294 

Eq.  (243)           F"CF'                  2°  45' 10'  "   sin  a68i481 

r-ig    677.952  2.831199 

1.512680 

^F'+U+F"CF')                   6M2'27'.5  *'  cos  9.997446 

F"F'      32.752  iL515234 

Eq.  (245)       \F"C'F'                  2°  34'  14"  .5  "   «cd.  ^.^YV^V 


W  +  ^)    730.219  ^.^^Ra^K^ 

^'    862,755 
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b.   We  CMfume,  neeontUy,  that  Uie  middle   trofk   u  itraight 
beyond  P,  unrf  MvgenC  to  tlie  cunm  at  F.     Fig.  66. 

Then  whenever  Uie  value  of  F'  is  lest  than  that  given  b 
eq.  (234-),  Ihu  arc  AF',  produced  with  the  same  radius  AC 
will  intersect  the  straight  rail  HF'  at  some  poiut  F',  and  U 
frog  angles  Kaail  V  will  be  equal. 


I 


Fin.  OK 
For  the  slrnight  mil    IIF'    produced    backwards, 

the  point   A,   making^  an  angle  F  with   the  n 
ik,Binco  the  trianglea  CBF  unA  CIIA  are  equal,  and  AS 
Now   any  circle,   tangent  to  the   main 

Uie  hue  .^7/ in  some  point  F'.  and  since  AF'  ia 

the  chord  of  the  arc,  the  angle  at  F'  equals  tlie  angle  at  A, 

which  ia  F.     Hotiee  F  =  F'\  and  the  angle  4(7'/'"  =  ^F. 

The  length  of  the  chord  AF'  is 


AF'  =  3-46"  siu  F 
The  chord  F'F'  =  2F'G'  sin  i(F'C'F') 
=  2AC'  ma  i(2F  -  F-) 
Hence,  F'F'  =  2<r"  +  ip)  ain(F-  j?") 

■Ul  F'  =  F=    6'  43'  59-  and  F'  = 


<2M) 


By  Table  XI.      r"  ==  3 
Eq.C347)3(^-+iff)  =  8 
F  -S^' 


r.836 


//  tile  frog  F''  is  required  lo  be  diSeTciA  Itoto  F,  ttien 
inside  carve  must  be  compounded  at  F",  ^vTroSQ«ncnr 
to  the  ieaglh  and  radius  of  the  arc  F'  F' . 
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C.  We  BSflante,  AirUg,  th&t  the  cnrve  of  the  mid^  track  U 
renerttd  at  F.     Fig.  «7. 

In  the  diagi-an),  let  Q  be  the  centre  of  the  reversed  portion^ 
ttod  F'  the  proper  portion  of  the  frog  F',  and  C  the  centre 
of  the  required  arc  F-'F'.  Then  Q  is  on  the  radial  hne  CF, 
produced,  and  O'  ia  on  the  radial  line  F"C"  produced.  Join 
F^  and  F'<i,  and  produce  C"F"  lo  intersect  these  lines  in  L 
and  M  respectively.  Also  join  F"^,  and  denote  the  angle 
LFq\i3  17  and  the  angle  J*"  S-P"' by  C. 


In  the  trianf^e  FF"<i  we  know  F'F=  BF-  BF",  and  the 
Bide  FQ  is  given;  and  the  included  angle  F"F<i  =  90°  +  F. 
Hence  we  may  calculate  (Tab.  II.  25)  the  angle  F"QF  and  the 
side.F"e. 

The  triangle  CC"£  gives  the  angle  at  £  =  J"'  -  F;  and  the 
triangle  F"L<i  pvee  LF"Q  =L  —  F"QF 

.-.   U=F"^F~F-QF  (248) 

In  the  triangle  F'QF"  we  have 

F'Q  -  F-q  :  F-q  +  F"Q  v.  tan  ^F'F-Q  -  FT^) 

■.co\-i(F-<iF") 

But  F'F"q  =  F-F-L  +  Fand  F"F-q  =  F'-FS-  F\  and 

since  F"FN  =  FF'L,  we  have  by  subtraction, 

F-F-Q-  F"FQ=  XI  \V 

Beace         cot  iQ  =  £'.'?-±Z-l'2  t. 


~  JFQ- 


F-q 


tanUD^V'l       "SWS^ 
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iDglo  FQF'  =  G  -  F'QF.  and  is  subtended  by  U>4 
iSiord  IIP',  wliich  ia  ilierefara  easily  (omid,  and  servw  U 
'locaLe  tlie  frog  F',   and  frequenlly  tbia  la   all    that  will  be 
ruijuircd.) 

InUie  triiiiiglo  F'QF',lhaho\tfwm.of  QF"F'  aadQFF' 
is  00°  —  iQ,  wbilf,  as  we  have  jiiiil  kccii,  the  ha{f  difference  is 

rU-^  F')\  hence  by  addiug,  we  have  Uio  greater,  or 


QF-F-  =  W  -irkiU-lrF'  -  Q) 
Bin  q 


.-.  F"F'  =  F'Q  - 


ii(0-+-P"-«) 


Tho  triangle  G'F'M  gives  F"G'F-  =  P'  —  M,  while  Iho 
"triangle  F'M(i  gives  M=  U  -\- Q\  hence  F"C"F'  =  ~" 
(U-i-  0;  and  dtuoting  the  radius  G 'F'  by  r'  +  ip, 


I 


iF"F' 

"UP"-  u-^) 


-•  +  ^=.in»^'-rr-m  (^) 


.EMWjjfr.— Let  F  =  F'  =  6°  43'  69'.  F"  =  8°  47'  51",  and 
FQ  =  953.013.  Then  by  Tab.  XI.,  BF  =  80.036  and  BF '  = 
ei.a04:  hence  F"F  =  IS.SSSi  and  the  incladed  angle  li 
96"  48'  69'. 

Solving  the  triangle  FF"Q  we  And  F"QF  =  rVriS' 
FF''Q  =  83°  08'  43',  and  F''Q  =  955.403.  Now  FQ  = 
ii^ -I- jf  =  957.720. 

(349)    F'Q  +  F"Q    1918.132  log3.3817« 

F'Q^  F"q  3.318  ■■   0.""— ■ 

(F0°58'34') 
KC+F) 


F'Q      957.720  tog3.B81i 

F"F-       34.633 
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196.  Given :  a  main  track,  curved,  and  a  frog-angle  F,  to 
m  locate  a  turnout  on  the  inside  of  the  curve.    Fig.  68. 


Let  B  =  Oa     =  radius  of  main  track. 


**    r  =^  Oa     =  radius  of  turnout. 


(< 


F  =  CFO  =  the  frog  angle. 


In  the  diagram  draw  the  chord  -4Fand  produce  it  to  inter- 
sect the  outer  rail  at  Q;  and  draw  FO  and  00.  Since  the 
chords  AF  and  AG  coincide,    and  the  radii  AC  and  AO 


Fio.  68. 

I   coincide,  the  chords  subtend  equal  angles  at  G  and  0  respec- 
I  Wly,  and  GO  is  parallel  to  FO.    (See  §  137.)    Hence,  FOG 

=  CFO  =  F.    Let  0  =  the  angle  FOA. 
f      In  the  triangle  FOA,  Q  =  GFO  -  FAO  =  GFO  -  F00\ 
I    and  in  the  triangle  GFO,  G0+  FO  :  GO-  FO  ::  tan  ^GFO 
f    +  FGO)  :  tan  i{GFO  -  FGO),  or2R  :  g  ::  cot  iF  :  tan  19 


.-.  tani9=:^cotii?^=^ 
In  the  triangle  CFO, 

In  the  triangle  BOF, 

jSF=2(B-ig)smi^ 
In  tbe  triangle  aCy, 


(252) 


(253) 


l?.^ 


^^^ 


Tht  length  qf  mcilch  AD,  tor  a  given  tlirow  BE,  may  liu 
found  thus:  from  Tuble  IV.  lake  tlie  tsngciit  offsets,  I  and  I'. 
corrcspouduig  to  JI  aud  t  res [)[:c lively,  und  assuming  that  ttiu 
offsets  may  vary  aa  the  squares  of  their  distances  from  tlie 
tangent  point,  we  have 

(-  ('  ;  BKu  (100)'  :  AJ)' 


.  AD 


,     /lOQOO  DK  ,.,.,6j 


Thia  result  is  practically  the  aame  as  that  found  for  length 
of  switch  in  a  turnout  from  a  straight  line  with  Ihe  same  frc^, 
when  B  is  large. 

Example.— hvi  M  =  1433.69  aud  F  =  6°  43'  59'. 
Eq.  (252)       ig         3.354  _  log  0.371806 


I 


-,.,-,   .^ 

3°  31'  59'.5 

log  cot  1.230440 

ii  (Till).  IV.) 

log  1.003346 
■'   3.156151 

V 

1"  35'  59'. 8 

log  tan  8. 446005 

E,.«^^. 

3°  11'  59".6 
r  55'  5S".6 

"   sin  8.746786 
■'     ■■   9.330778 

B~ig 

1430.330 

9.610008 
3.155438 

r  +  ie 

(854)              a 

m-ig) 

463.858 
460.602 

1480,386 

r  35'  59".8 

3.665416 

log  O.301O30 

■■   3.155438 

log  sin  8.445934 

BF 

(355)              3r 

i(F+0) 

79.973 
031.004 

4°  57  5B-.8 

log  1.9033113 

■'   3.9642«3 

log  Bin  8.9378*<1 

af 

79.734 

log  1.90IC.IS 

The  values  of  BFand  af  a 

re  found  to  be 

w  nearly  idenliwl 

In  this  case  with  those  delemiincd  in  case  of  a  turnout  from  n 
straight  line,  that  the  values  given  in  Table  XI  may  be  ni^d 
at  once  for  ordinary  values  of  R;  and  the  def/rce  o/ciirm  of  ll"' 
turnout  in  this  problem  la  approximately  tlic  miia  of  the  degras   i 
of  curve  ol  Hie  main  track  and  the  degi-ee  of  c 
.    Tab/e  XI.  opposite  F.     Thus,  in  Uie  examv\<i  V -V^W 
^^°a?' .-.  r  =  401.7 mmlj. 
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187.  Oieen:  a  main  track,  curved,  and  a  frog-angle  F,  to 
locate  a  turnout  on  the  outside  of  tlie  curve.    Fig.  69. 

In  the  diagram  draw  the  chord  AF,  and  produce  it  to  meet 
the  inner  rail  at  G;  and  draw  FO  and  GO.  The  triangles 
OAF  and  OAG  are  both  isosceles,  and  have  the  angles  at  A 
equal;  hence  they  are  similar,  and  FCA  =  AOG.  Hence 
FOG  =  HFO  =  F,    Let  R=  Oa,r=z  Ca,  and  0  =  FOA. 


Fio.  69. 

In  the  triangle  FOA,  S  =  OAG  -  AFO  =  FGO  -  GFO; 
and  in  the  triangle  FOG\   FO  +  GO  :   FO  -  GO  ::  tan 
i(FGO  +  GFO) :  tan  i(FGO  -  GFO),  or  2B   :  g  ::  cot  ^F 
:  tan  ^B 

.-.  tan  i(?  =  ^^  cot  i^=  ^  (257) 

which  is  identical  with  (252). 
In  the  triangle  CFO 

(r  +  m  =  {B  +  ^g)  a^^.^)  (258) 

In  the  triangle  BOF, 

BF  =  2(il  +  \g)  sin  iO  (259) 

In  the  triangle  aCf, 

af=i2r.  sini(F-0)  (260) 

For  a  given  throw,  the  length  of  switch  will  be 

AD  =  ./iOQOOlPJr  ^^Y^ 

^     t-^t' 


in  whicli  (  and  f  aro   the  Wiiigpnt  offsets  (Tab.  IV.)  corrS^ 
BpoDdiDg  [o  J{  and  r. 

In  lliia  problem,  aa  in  the  preceding,  we  may,  for  ordiimry 
vnluBB  of  R,  aasume  the  valuea  for  BFaaA  a/given  in  Tab.  XI. 
The  degree  of  eui-ve  of  tliia  luruoul  is,  np]!ronmittdy,  d  —  D, 
takinff  rf  from  Tail.  XI.  aud  I)  from  Tab.  IV.  corresponding 
lo  It.     P'joidd  D  =  d,  tilts  luruout  hccome.s  a  straight  line; 


and  when  D>  d,  ar  when  R  ia  leas  than  r  givea  in  Tab.  XI., 
Ihu  centre  falls  oji  llio  same  side  as  0.  Fig.  70,  In  this  case, 
using  the  same  □otiLliou,  \t  ia  given  hy  or\.  (35T). 


Eq.  (2S9)  BF  =  2(fl  +  if)  sin  ifl 

cy=3yHinl(9-i?^ 

188.  A  tongiie-switcli  is  a  short,  stiff  switch  which, 
when  moyed,  revolves  at  the  heel  as  on  a  pivot.     When  il  ia 
thrown  over  to  the  turnout  track,  it  makes  an  abiiipt  angle  ■ 
with  the  niftio  track,  called  the  simteh  angle;  but  in  tl 
tion  it  should  be  tangent  to  the  turnout  curve.     The  u 
this  switch  is  generally  confined  to  yards  anil  warehouM^,^ 
where  bnt  little  space  can  be  afforded,  and  where  tl 
of  the  cars  ia  always  slow. 


189.  Given:  a  t^uiigM  track,  afivg-angle  F,  and  the  U 
ofi/i  ^.rms   ijf  a    tonglie-swltch,  to    loi^ale   tAe  turn 
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Let  AD  be  the  length,  and  DK  the  throw  of  switch,  and  let 
j9  denote  the  switch-angle  DAK. 

Then         sin  /S  =  -^  or  8°  =^  57°.3  ^-  (264) 

(Compare  §86.) 

Let  O  be  the  centre  of  the  required  turnout,  and  in  the  dia- 
gram draw  CK  and  CF;  also  draw  DO  perpendicular  to  the 
straight  track.  Then  DOF=F]  and  in  the  triangle  KOC, 
KGF  =  KQF  -GKC,  and  since  CKA  is  a  right-angle,  GKO 
r^  8  ,',  KCF=  F"  8, 

Draw  the  chord  KF,  and  since  the  triangle  KCF  is  isosceles, 
the  angle  CFK  =  90°  -  ^F  -  8).  Now,  CFI  =  W  -  F; 
hence  by  subtraction,  KFI  =i(F+  8). 


Fig.  71. 

If  g  denote  the  gauge,  we  know  KI  =  ^  —  DK;  and  in  the 
}    right-angled  triangle  KIF,  we  have 

f  IF-KI,  cot  ^F  +  8)  (265) 

^  +  ^  =  sinK?-^)  ^''^ 

These  equations  are  analogous  to  eqs.  (229)  (230)  (231). 

190.  Given:  a  double  turnout  with  tongrue- 
switcby  from  a  straight  track;  to  find  the  angle,  F\  of  the 
Middle  frog, 

Aesuming  F'  ^F  calculate  {r  +  \g)  by  the  lasX  ^cj^-aNxwi'^. 
Bnoe  the  raUa  of  the  turaouis  intersect  on  Uie  ce;ii\x^\vQk&  <A 


tbe  straight  track,  ti 


e  Hubstituto  tlio  valued 


F'  F.  eti,  (239)  in  eq.  (331),  we  liave 

<r  -\r  is)  =  2siiii{F+iF')  BiQK^-  iF") 
ana  by  Trig.  Table  II. 


r  +  iS^ 


•siF-  -cobF 


If  the  angle  of  tlic  midiile  frog  lo  lie  used  does  ii 

witU  F'  foQod  by  the  lust  equatiou,  the  turiiou.t  will  Ije  eom- 

poundcd  al  F". 

lOl.   Gi-Deii :  a  etraiglit  track,  tkefi'og-a/igles  F,    F'  «;mJ  F', 
and  the  swltcb  angrlc  B,  to  ioeate  n  double  turnout. 

Fig.  73. 


ABSumiug  that  F'  shall  be  placed  on  the  t 
the  straight  track,  let  k  be  a  point  on  tlie  cen 
point  of  switch.    Tlieu  hK  =  in  —  DK;  aad  since  the  aof 
^  is  bisected  by  (lie  centre  line  V\\c  ivctpsattTy  tornmlte  ii 
case  are  obtained  fj'iim  §  189  liy  &imvi\"J  tev^suiint.  "P\s^  \S" 
^jad £1  by  AK;  and  in  the  flrat,  membcTaIF\>:i  hP*  wvirVi 
■Bt     TAis  is  obvious  by  the  similaTUy  olft\e&g,raea,       _ 


attdl 


Hence 
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hF'  =  hK .  cot  MkF'  +  8) 

(269) 

JJTp-r  _                ^K 

(270) 

^^    "  ^m\{kF'-^8) 

r'  Ma-        ^^^' 

(271) 

'  ^  ~^  sin  ^\F'  -  8) 

The  location  of  the  remaining  frogs  is  a  problem  already 
discussed,  §  183,  eq.  (220),  etc. 

192.  Given:  a  straight  tracks  the  frog  angles  F,  F\  F\  and 
(he  sivitch  ang^le  S»  to  locate  a  double  turnout  on  one 
side.    Fig.  73. 


Fio.  73. 


The  frog  iT'is  located  by  §  189;  but  for  the  frog  F"  we  have 
evidently  a  double  throw;  hence  eqs.  (265)  (266)  (267)  become 


iy  =  to  -  ^DK)  cot  \{F'  +  28) 
"   8m«i?"  +  2/S) 


^  +  \g  = 


iKF' 


sin  UF'  -  28) 


(272) 
(273) 

(274) 


To  locate  the  remaining  frog  F' :  when  F'  falls  beyond  the 
line  CF,  there  are  three  cases. 

a.  The  middle  track  reversed  beyond  F. 

We  Snd  the  diBtance  F'Fhy  subtracting  IP" ,  ^.^JSTA^ Vt^xssL 
JJ^  eq.  (265):  after  which  the  solution  ia  ideutvcaX  v^VCsv  V5mb^ 
given  §185,  c.  Fig.  67. 
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b.  The  middle  track  compoanded  at  F, 

Let  Q  be  the  centre  of  tlie  curve  bej-ond  F,  and  also  let  Q  ~ 
[  the  angle  Ji"Cy;  and  lul  U  =  lliu  single  C'F'Q. 

Then  tij  a  course  of  reasoning  auulogous  to  that  of  c 
we  derire 

n=F'  -  F-^F'qF  (: 


F-Q-irF-Q 

-  r-Q  -  F-(i 


i^  =   i'-l-f,''l  »""  i<^+  -^'>         t^™) 


iNow  since  the  radius  F'Q  is  given,  and  the  angle  FQF' : 
Q  —  F^F",  we  remiily  determine  the  distance  HF',  und  a 
locate  the  frog  F'. 

In  Ihe  triangle  F'QF.  the  half  mm  of  ^F'i^'  and  §J"^ 
i8  90°  — 4Q,  ■vi\a\v:  the  half  difference  x^^U-^-F);  heucelq 
BubtracUon  we  liave  the  less,  of 

FF-q  =  00°  -  -i(  f/  +  f-'  +  (2) 

Hence    .        i^'iP  =  ^o__jl^,__^  pm,  ■ 

Join  CQ,  and  the  Quadrilateral  C'QF'F'  gives 

F  +  Q=  U+F'G'F- 

bence  F'O'F  =  Jf"  —  P+  Q;  and  denoting  the  radius  CF 
by  r*  -|-  iff,  we  have 


_JFF[ 


■  n+q) 


(27^ 


Cor.  Bince  the  centre  Q  is  aasiimed  at  pleasure,  it  maj'lx 
made  to  coincide  witli  the  centre  O,  and  then  liie  compouM 
curve  becomes  a  simple  curve.  Then  also,  the  above  lanavit 
vrin  apply  when  F'  is  such  that  the  frog  will  come  on  the  ffl 
IH.  But  as  FQP'  will  be  greater  than  Q.  the  diffcreOO 
FQF'  will  be  negative,  indicating  that  Uie  distance  SF"  is  8 
he  laid  off  backieanU  from  H. 

c.  The  middle  tra«k  strai^^ht  beyoud  F,  and  «• 

genl  to  the  curre  at  F.     Fig.  74, 

Lei  F"  be  the  required  position  of  the  frog  F'.     A  lange* 

to  the  curve  at  F'  makes  an  ang^e  (,F'  -V  F^■«'v^^^^ilc  ^ 

track,  and  a  tangent  at  F'  makes  an  a.u£\«  <j\P'  ■^^'^ 

^^Bie;    Lence    tlie    angle    they    ma^e   ■«'A'^  ^s''^'^  "^^^ 
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{F'+P-F^,  and  this  is  the  curvmlure  of  the  arc  F'F; 
tod  equals  the  an^  F-CS". 

Produce  the  strai^t  line  J^^backwards  to  Q,  and  draw 
P'GperpMidicnUrtoit    Then  ^*G  =  FJJ-F'F.sin  J^",  or 


=  g—  F'F.  mn  F 


{K«) 


In  tbe  right-angled  triaogle  FQF-.  the  angle  F'F'G  = 
F  ~V.F'  +F~  F-)  =  UF'  +  F'  -n 


F'F'  = 


"  Bin  ^F'  +  F'-F)  ^     ' 

snd  OF  =  F'F' .  cos  i(F'  +  F' -  Ff  (281) 

Observe  that  <?f"  cannot  be  less  than  OHz^FF.coaF 


193<  Giten:  atamoattBiAafrogangteFtawUheperpen. 
itxeidaT  dutanee  p  between  t?ie  centre  hnei  of  the  main  and  ode 


^vtOry  to  find  the  radiwi  t  <f  the  cUTve  eoiVfte«^X»%^^' 
turnootwitii  tbe  side  traek..    EVgl^. 
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Let  ttio  reTcraing  point  be  taken  al  F,  and  let  Q  on 
duccd  be  tliu  ceulre  of  the  required  curve,  and  draw  Qif  [ 
pendicular  to  the  main  track.    Then  Q3f=  QF=  r  — 
]Kiint  .Vis  llie  point  of  tHDgcm,  and  the  angle  ?'QM  = 

Now  is' being  the  intersection  of  the  rail  B^'wilL  the  radid 
QM,  weliaTU  MN=  QFwts    F.  but  JfJV=p-ff;  Ueucu 


The  distance  FKi&  evidently 

KV=(r-iir)sinF 

and  tLe  chord  lo  tLe  centre  line  is 

/ni  =  3fsiniF  (284)    ' 

Sho'ild  the  dalniife  FNmiisaiiw  U<o  mveh  of  the  trofk,  U  n 

Ibe  loassneil  by  introducing  a  abort  tangent  at  F,  denoted  by  k; 

1  by  «!.  (4t^)  the  radius  will  be  efaortened  by  an  amount 

Bqual  to  k.eot  j^*,  and  tlie distance  i'Wwillbe  shortened  by  £. 

Since  the  tangent  k  reduces  the  length  of  the  tangent  offset 

titire  curve  hj  k  .  an  F,  we  have  for  llie  new  radiiu  r' 

jTFhen  r'  is  fixed  by  a  limit,  we  obtain  t  by  resolving  eq.  (2851 

^^r^y^r^naul  <280) 

In  case  the  main  track  la  but  Aightty  curved,  we  may  nt  first 
It  to  be  straight,  and  find  r  as  above,  eq.  (283),  and 
B  degree  of  curve  corresponding  to  r;  but  tills  degree  of 
iirve  must  then  be  increased  or  diminiii/ied  liy  the  degree  of 

e  of  the  main  track,  according  aa  the  track  ia  eontave  or 

!£  toward  Q. 

104.  Oiven :  Ihe  perpenrliciillr  dulattff  p  hetnfen  the  ecntn 
L  Unea  of  II  nirveil  mam  trnek  and  a  pnrnllfl  side  (raai,  an/I'  H' 
_/fv^  anffle  Vofn  liirnniit;  to  find  the,  radiiiit  r  if  the  cannettin;/ 
/■///■fv,  nMi  I/hi  U/iffth  FJT,  or  fin,  o/ fc  wirte.    ^\£.  ^%. 
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Let  FN  be  the  rail  of  the  mam  track,  and  OM  the  rail  of 
the  siding,  adjacent  to  each  other;  let  0  bo  the  centre  of  the 
mwn  track,  and  Q  the  centre  of  the  connecting  curve.  Then 
the  connecting  curve  will  terminate  at  m,  on  the  line  OQ  pro- 
duced. 

In  the  diagram  draw  MF,  and  produce  it  to  intersect  the 
raU  MQ  at  G,  and  join  GO,  FO,  and  FQ. 

Let  i?  =  radius  of  centre  line  of  the  main  track ;  r  =  radius 
of  centre  line  of  the  connecting  curve;  and  0  =  the  angle 
FOM. 

Case  a. — The  siding  outside  the  main  track.    Fig.  76. 


Fig.  76. 

By  similarity  of  the  triangles  GOM  and  FQM,  GO  is  paral- 
lel to  FQ,  and  the  angle  GOF  =  F;  and  by  a  process  similar 
to  that  of  §  186,  we  have 

r.^  =  (B+^)-^^^^^-j^  (288) 

FN=2{R  +  ^)  sm  i9  (289) 

fm  =  2r.  sin  i{F+  Q)  (290) 

Case  b. — T?ie  siding  inside  the  main  track.    Fig.  77. 
By  a  process  entirely  similar  to  §  187,  we  have 

ten  iO  =  ^^^  cot  \F  Qt»V> 


FIELD  ENGINEERING, 
r  -  iff  =  (i;  -  iff)  - 

:  Pin  the  last  equations,  ain  (P  —  0)  =  0,  and  r  —J 
3,  and  the  curve  FM  becomes  a  straight  line. 


/m  =  3f  .  sin  KO  -  P)  (399) 

Equations  (21)1)  and  (393)  remiLin  unchanged. 

100.  To  locate  a  crossing  between  paraSei  traekt. 
\  Tig.  78. 

When  a  turnout  from  one  track  enters  a  parallel  track  by 

means  of  another  frog  and  switch,  the  whole  is  called  a  crosa- 

I  ing.     The  froga  are  alike,  and  tbo  calculation  for  one  end  of 

r  the  crossing  answers  for  the   other.     g§  180.  181.     We  Lava 

I  only  to  And  the  length  of  track  between  tLe  two  frogs. 

Id  the  diagram  let  ^F  be  one  turnout,  and  A'F'  the  otha 
L  eonnected  by  Hie  straight  track  F'Q.  It  :s  required  to  deta 
fmine  the  length  F'Q,  or  the  distance  PN  me 

«ia  track  from  P  to  a  perpendicular  ttixon^V  F' .    ^oa 
r  tliB  line  F'O  to  intersect  llie  »a\V  NF  aX.  " 
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ri^t-angled  triangles  QFH  and  F'STI,  baying  the  common 
angle  aXH  =  F.  Let  p  =  the  perpendicular  distance  between 
centre  lines  of  nudn  tracks,  and  g  =  gauge.  Then  GF  =  g^ 
9Ji^F'N={p-g.) 

F'N 


FQ^FH-  0H  = 


ainF 


-  GFcoi  F 


or 


So 


F'G  =  A:  =  ^.— ^  -  ^  cot  i?'  (297) 

sm  i^        *^ 

FN'=  NH-  Fff=zip-g)coiF J-^    (298) 

^     ^  sin  F 

When  the  main  tracks  are  curved  the  distance  F'G  may  be 
calculated  by  the  same  formula  (297)  which  gives  a  value  only 
a  fraction  too  small,  but  in  laying  the  track  the  rail  F  G  must 
be  curved  to  a  radius  which  is  to  ^  of  the  main  track  as 

F'Q :  NF. 


196.  When  p  is  large,  or  the  tracks  are  very  mde  apart,  it 

will  effect  some  saving  of  room  to  lay  the  crossing  in  the  form 

of  a  reversed  curve ;  and  the  frogs  being  alike,  the  two 

arcs  will  be  equal,  and  the  point  of  reversed  curve  P  will  be 

midwa-y  between  i^and  F'.    Fig.  79. 


Fio.  70. 


In  the  diagram  we  have  aPa'  the  centre  line  of  the  cross- 
ing, and  PL  the  centre  line  between  tracks;  aL  =  i/>,  and 
aC  =.a'0'  ^r.  The  radius  r  having  been  found  by  §  180  or 
§  181,  we  have 


nd 


vera  aCP  =  -^ 

T 

PL  .=  r  sin  aO^ 
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The  dialanoe  between  froga,  FN,  in«aauied  on  the  main  track 
is  evident!}' 

jar  =  %PL  -  BF)  (801} 

in  whicli  BFiB  determined  by  eqa.  (209),  (318),  or  by  Tab.  XL 


197.  To  lay  a  crosstug  in  the  form  (ff  a  reversed 
curve,  v>hea  the  paToUei  trae/a  are  on  A  curve.    Fig.  80. 


Fia.  Sa 


i,  C  and  0'  the  centres 


Let  0  be  the  centre  of  tUe  a 
of  tbe  reversed  curve. 

Then  ia  tlie  triangle  GOG'  wc  Icnow  all  three  sides;  for  CO 
=  R  +  t;  CC=T  +  r;miO'0=  B  +  p-r^;  and  the  half 
sum  of  tbe  ttiree  sides  ia»  =  B  +  r  +  ip. 

Denoting  the  angle  COC  by  <p,  we  have  (Trig.  Tab.  II.  31) 


P{VZ 


-iP)  _ 


-(B+rXfi+p-r-) 


(803) 


The  angle  ip  determines  tbe  length  of  the  arc  BJf  described 
with  the  radius  {B  ■+■  ig)  ajid  so  Axes  the  position  of  the  point 
A'  from  A. 
By  a  formula  similar  to  the  above, 


s  C'CO  = 


P(B- 


-_M 


(,B  +  r>l.r-Vt"l 


(808) 
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The  angle  O'CO  determines  the  length  of  the  arc  aP 
described  with  the  radius  r;  the  angle  (</>  +  C'CO)  =  CCA' 
determines  the  length  of  the  arc  Pa\  and  P  is  the  point  of 
reversed  curve. 

In  this  problem  B  is  known,  r  is  found  by  §  187,  and  r'  is 
found  by  §  186,  only  observing  that  in  this  case  the  value  of 
Bmust  be  increased  by  p.  The  frog  angles  i^'and  F'  may  be 
equal  or  otherwise,  only  taking  care  that  the  point  P  shall  be 
included  between  the  radii  C'F'  and  CF. 

The  angle  FOC  =  0  is  given  by  eq.  (257),  and  the  angle 
F'OC  =  0'  is  given  by  eq.  (252)  (in  which  the  value  of  E  is 
to  be  increased  hy  p);  hence  the  angle  FOF'  =  (p  —  {0  -\-  0), 
which  determines  the  distance  between  the  frogs,  measured  on 
the  main  track. 

198.  To  find  the  middle  ordinate  m,  for  1  sta- 
tion,  or  100  feet,  on  any  curve,  in  terms  of  the  degree  of 
euTTte  2>. 

Referring  to  Fig.  4  we  have  in  the  right  triangle  AOH 

0H=  GA,  tan  GAH 

But  GA  =  ^AB  =  \C,  and  (Tab.  I.  18)  GAH  =  i^05  =  i  A ; 
hence 

if=iC.  tan  iA  (304) 

a  general  expression  for  the  middle  ordinate  of  any  chord. 

If  in  this  equation  we  make  G  =  100,  A  becomes  D\  and 
denoting  the  corresponding  value  of  M  by  m,  we  have 

m  =  ilOO  tan  ID  (305) 

whence  the  rule^  Multiply  tJie  nat.  tangent  of  ^  tlie  degree  of 
curve  by  100  and  divide  by  2.  Thus  the  values  of  m  m  the  5th 
column  of  Tab.  IV.  have  been  calculated 

199.  To  find  the  middle  ordinate  for  any  cJiord  in 
terms  of  the  chord  and  rgMus 

Referring  to  Fig.  4  we  have 

GH-OE-OG=OE-  VAO^-'  GA* 
or  M=B'-a/~^ZJ^  V^*«JN 


^=^-A-(tf 
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Wlipo   C  =   100  wc  have  for  iLe  middle  ordioate  of  ol 
vt  =  li-  I'ff  -  2S06  (307) 

For  any  subcUord  e,  less  tliau  100,  we  have  for  Ihe  raiddl 


y(^+i)(''-i)J 


By  adding -ij-—  to-liic  quantity  ouder  the  radical  in  eq.  (308 
it  becom«s  a  jierfect  square,  giving 

wi,  ^  ^  nearly,  (309) 

which  ia  a  very  useful  formula,  although  approsimate.  Tl 
error  in  oii  does  not  exceed  .003  for  any  subchord  c  when  Q 
radiuH  is  greater  tlian  800.  On  a  20°  curve  the  error  will  1 
.003  for  a  chord  of  50  feet;  aod  oa  a  40°  curve  the  error  in  ■ 
wili  be  only  ,00S  for  a  chord  of  33  feet.  EquaUoa  (30B)  . 
therefore  practically  correct  in  M  cases  foi'Jiadinff  tAemidd 
erdlmiea  ofraila.     Table  XII.  is  calculated  by  eq.  (308). 


200.  Curving  Rails.    Before  any  rul  is  epik^  to  iti 

place  in  a  curve,  it  must  be  eTcoly  bont  from  end  t< 
tliat  It  will  assume  the  proper  curvature  when  lying  free. 
The  bcudjng  may  be  done  by  using  sledges,  but  is  best  &ccoin< 
plishcd.  especially  for  turoouts  and  other  sharp  curves,  h 
using  a  bending  niacliinc  made  especially  for  this  purpose. 

Tlie  proper  curvature  of  n  rail  is  tested  by  measuring  it 
middle  ordinate  from  a  small  cord  stretched  from  end  ^ 
end  and  toiicbing  the  side  of  the  rail-head.     The  cord  shoid 
also  be  strctclied  from  llie  middle  jKiInt  of  the  rail  to  citb( 
end,  and  the  zniddle  ordinate  of  ead\\i*,\l  \iin'gW\,  n 
l<j  icsl.  the  unifarmiiy  of  curvature. 
Front  the  lust  eciUiitirin  It  appea.r«l.\ie.l,  w^'^*^^'«'™S«*l 
tbcaaddle  ordinatt?  varies  nearly  s^Uvc  s*\MMe  ot  "ito  ^juft. 
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'  We  may  therefore  find  the  middle  ordinate  of  a  rail  whose 
length  is  c  by  the  proportion 

(100)«  :  c«  ::  w  :  Wi 


or, 


«»i  =  1^000  ^^^^y*  (^^^) 


in  which  m  is  obtained  from  Tab.  IV.,  coL  5,  for  the  given 
radius  or  degree  of  curve. 

Example. — What  is  the  middle  ordinate  of  a  30  ft.  rail 
wlien  cui-ved  for  a  20°  curve? 

p   /o^m                       S^  X  4.374        ^^,        .^, 
Eq.  (310)  wii  = -^^^^  —  =  .394  =  4^  m. 

When  a  long  rail  is  bent  for  a  sharp  curve,  observe  that  c  is 
the  length  of  the  chord  of  the  rail — not  of  the  rail  itself. 

For  the  chord  of  half  a  rail  the  middle  ordinate  is  one-fourth 
the  middle  ordinate  of  the  whole  rail.  Thus,  in  the  above  ex- 
ample it  would  be  .099  or  ly"^  inches. 

Instead  of  using  the  chord  of  the  whole  rail,  it  may  be  more 
convenient  to  assume  a  chord  shorter  than  the  rail,  especially 
when  the  chord  is  not  an  exaot  number  of  feet,  knotting  the 
string  to  the  length  assumed,  and  applying  it  to  different  por- 
tions of  the  rail  successively. 

201.  Elevation  of  the  outer  rail  on  curves. 

When  a  car  passes  around  a  curve,  a  centrifugal  force  is 
developed  which  presses  the  flanges  of  the  wheels  against  the 
outer  rail.  This  force  acts  horizou tally,  and  varies  as  the 
square  of  the  velocity,  and  inversely  as  the  radius  of  the 
curve.     Denoting  the  centrifugal  force  by/,  we  have  from  the 

theory  of  mechanics  /=  -i^-ioo-jfy  i^  which  w)  =  weight  of 

loaded  car  in  pounds,  v  =  velocity  in  feet  per  second,  and 
R  =  radius  of  curve  m  feet. 

In  Fig.  81,  let  ah  represent  a  level  line  at  right  angles  to  the 
track,  let  a  and  e  be  the  tops  of  rails  on  a  curve,  letbc  =  e  = 
elevation  of  outer  rail  c,  and  let  the  point  d  be  the  centre  of 
gravity  of  the  car.     The  force  /  acts  m  the  d\Y<ie\\ou  oib^  ^w<i^ 
fy"=r  the  component  off  in  the  direction  oc,  \^iVitL 

/'•/  ::  ab  :  oc. 


The  weight  m,  resting  on  the  inclined  plane  ae,  developed 
component  in  tliQ  direction  ca,  and  denoting  this  by 
linvc  by  similii]'  ti'iaugics, 

I  _ 

^^hlviditig  one  proportion  by  the  other  -^  =  — r-,  or  /=  - 
^»EquBting  this  value  of/with  that  given  above  we  find, 

U  ^~s2.im  It 

Butn6=  Vac'  — e',  and  nc  =  distance  between  rail  centres  = 

gauge  +  onerail  head  =ff +  0.188.     Also  i>=  ^^^K.  if  Tde- 

Dote  tbe  velocity  in  miles  per  hour.    Making  thuso  siibBtitu- 
tioaa  and  reducing,  we  buve 


By  tills  formula  Table  XIII.  is  calculated  for  the  atandi 
gauge  ff  =  4' 8i',  =4.708. 

An  approximate  formula  may  be  obtained  by  assuming  t 
ab  =  g  for  practicable  values  of  e.     Subslitutmg  this  m 

I  first  value  of  e  given  above,  and  replacing  t  by  -anKn  ^'' 


which  is  the  forumla,  generally 
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In  laying  a  new  track,  the  transverse  inclination  is  first 
given  to  the  ballast  by  grade  pegs  driven  either  side  of  the 
centre  line  at  a  distance  of  {g  +  .188)  each  side  of  the  centre; 
the  outside  peg  being  set  higher,  and  tlie  inside  peg  lower 
than  the  grade  of  ballast  on  the  centre  line,  by  the  proper 
elevation  selected  from  Table  XIII.  But  in  re  surfacing  an 
old  track,  the  inner  rail  is  taken  as  grade  and  the  outer  rail  is 
raised  the  necessary  amount. 

202.  The  proper  elevation  may  be  found  mechan- 
ically by  the  following  method: 

To  find,  on  a  curved  track,  the  length  of  a  chord  whose  middle 
ordinate  shall  equal  the  proper  elevation  of  the  outer  rail  for  any 
velocity  V  in  miles  per  hour. 

By  the  conditions  of  the  problem,  we  have  i»i  in  eq.  (309) 
equal  to  « in  eq.  (312),  or 

_^  __  gV^Mm 
SB ""  H 

c  =  .  73144  FV^  (313) 

Wheng-  4708, 

c  =  1.587  V  (314) 

Lay  off  the  chord,  c,  upon  the  rail  of  the  track,  stretch  a 
piece  of  twine  between  the  points  so  found,  and  measure  the 
middle  ordinate;  it  will  equal  the  proper  elevation. 

203.  The  velocity  assumed  in  the  preceding  formulae 
should  be  that  of  the  fastest  regular  trains  which  will  pass 
over  the  curve  in  question,  since  the  flanges  would  be  forced 
against  the  outer  rail  were  there  no  centrifugal  force  devel- 
oped, by  reason  of  the  wheels  being  rigidly  attached  to  the 
axles,  and  the  axles  being  parallel. 

The  rails  on  tangents  should  be  level  transversely,  except 
near  curves,  where  for  50  or  100  feet  from  the  curve  one  rail 
is  gradually  raised,  so  that  at  the  P.  G.  or  P.  T.  it  may  have 
the  full  elevation  due  to  the  curve.  At  a  P.  G.  G.  the  elevation 
should  be  an  average  of  the  elevations  due  to  the  two  arcs. 
Owing  to  the  difficulty  of  properly  adjusting  the  elevation  of 
rail,  it  is  objectionable  to  have  arcs  of  very  dissimilar  radii 
join  each  other;  and  the  objection  is  much  greater  in  the  case 
of  reversed  curves  unless  separated  by  a  alioiX.  \«a%c«iX..   '^sRRk 


On  the  other  liand.  a  short   tangent  between  arcs  i 
curve  in  the  auine  du-uclion  should  be  iivoidud,  since  it  u 
a  "  flat  place"  liotU  iu  liuc  and  levels,  ut  once  iiuaightl;  «. 
injurious  to  the  rolling  stoclc. 

In  tile  case  of  turnouts,  however,  no  elevation  of  rail  is 
Bible  (except  when  both  tracks  curve  in  the  is&me  directioo 
beucii  reversed  curves  are  allowable,  the  speed  of  trains  1> 
nsuully  quite  low  also. 

204.  The   coning   of  the  irheels,  by  whicli  i 

wheel  on  the  outer  rail  gains  a  diameter  enough  larger  til 
the  other  to  compensate  for  the  supurior  length  of  the  oi 
rail,  although  a  theoretically  perfect  device,  la  gradually  gi 
into  disuse.  To  be  effective  for  the  sharpest  curves,  the  conii^n 
IDuat  be  BO  groat  as  to  produce  an  unsteady  motion  on  tan 
gents,  very  objectionable  at  high  speeds.  Moreover,  it  ia  un- 
desirable to  seek  for  an  equilibrium  of  lateral  forces  in  a  cu 
curve,  since  the  flaogos  are  then  sure  to  strike  the  inner 
outer  mils  alternately  ■with  damaging  force,  as  that  equi 
librium  is  momentarily  disturbed.  It  is  far  better  that  the 
flange  should  press  steadily  against  the  outer  rail,  while  thai 
pressure  is  modified  and  reduced  somewhat  by  the  elevation 
of  the  rail.  For  these  and  other  reasons,  car-wheels  are  now 
made  nearly  cylindricaL 


J 


CHAPTER  VHL 

SOS.  The  field  opcratioos  wilh  Ihe  Engiaccr'a  LctcI  a 

■e  simple  character  than  Ihosc  performed  with  tiie  Iru 

'   fetrequire  equal  sUUl  and  nicely  of  maaipulatinu  in  ord 

produce  tnislworlliy  re&ulls.     The  liansit  is  used  U 

Hie  relative  borizoutal  posiliou  of  points,  Iho  level  to  obUun      '■ 

Uieir  relative  vertical  positiou.  I 

20G.  In  order  to  expresa  the  elcvatloa  of  points,  they  must     | 
be  referred  to  some  level  »iiij'<iai  of  known  <ol'  assumed)  eleva- 
tion; and  ia  order  that  the  clevalions  may  all  be  positive  up-     J 
ward,  this  surface  of  reference  should  bo  eelected  below  all  the 
points  to  be  considered.    The  level  surface  of  reference  is  called     I 
tLe  datum. 

The  eleeaHan  of  t/te  datum  iaalaayazeiv.     The  deraiiaa  cf  any     i 
point  i»  its  wrtieal  heiglu  above  the  datum.  i 

Near  the  coast  the  sea  level  is  usually  adopted  as  the  datum ;  | 
ialand,  the  low  water  mark  of  a  river  or  lake,  etc. ;  bulitisuot 
necessary  that  the  datum  should  coincide  with  a  water  surface. 
If  any  points  whose  elevations  are  to  be  ascertained  are  below 
tlic  water  surface,  the  latter  may  he  assumed  to  have  an  eleva- 
tion of  100  or  1(100  foot  instead  of  zero;  tliftt  is,  we  remove  the  ■ 
datum,  in  imagination,  to  100  or  1000  feet  below  the  level  of 
the  water  surface. 

207.  In  case  of  a  survey  commencing  at  a  point  quite  to- 
mote  from  any  important  wiilur  surface,  any  jKrmaiieia  jioinl 
may  be  selected  as  the  original  point  of  reference,  and  its  ele- 
vation maybe  assumed  at  100  or  any  other  number  of  feet;      I 
that  is,  we  fix  the  datum  at  the  same  number  of  feet  below  that 
point.     The  point  of  reference  is  called  ft  dtnc'i,  or  beiicU-      i 
niarb,  and  ia  designated  by  the  initials  B.M.    0\Xiet\jfttt'i\w.*   i 
■e  establiabed  at/otervals  during  a  survey.  ttnA  \W«  ^nW 


ana  datermlaed  iusliumcn tally.      They  aye  ft\ctt  liOQ^ee;^ 


^■^ 


I  pointa  of  knon'a  eluvalioQ  for  futuri!  refBrencc    We  cs 

nie  the  clevatioa  of  more  tliaii  ouo  bcncli  od  the  eame  g 
vuy,  elas  we  should  have  mure  tbnn  one  datum,  aad  all  ( 
results  would  tx  llirown  into  confusion. 

208.  Having  establishud  tlio  first  bench  and  recorded  1w 
I   eleration,  tlie  nest  Htcp  is  to  set  up  the  instrument  firmly  at  a 
moderate  diatance  from  the  beuch.  so  that  the  telescope  shall 
be  somewhat  higlier  llian  the  bench,  and  in  full  view  of  a  rod 
lield  vertically  upon  it.     The  Instrument  having  been  tested  for 
its  several  adjustments,  and  found  to  be  correct,  the  line  of  fight 
through  the  intersection  of  the  croas-hdra  is  known  to  be  hori- 
zontal wlieu  the  bubble  stands  at  the  middle  of  its  tube.    Turn 
Ing  the  line  of  sight  upou  tiio  rod,  the  point  of  the  rod  covered 
I   by  the  horizontal  cross-hair  is  known  to  he  on  a  level  with  liie 
is-hair;  and  the  latter  is  therefore  hig/ier  than  tlie  beach  by 
I   the  distance  intercepted  on  the  rod  from  its  lower  end.    Add- 
L   Ing  this  distance  to  the  elevation  of  the  bench,  wo  obtain  the 
elevation  of  tbe  CTOsg-b air,  known  technically  as  the  "Height 
I  of  lustrtimeii  t,"  and  designated  by  the  initials  i?./. 

200>  The  distance  intercepted  oa  a  rod  from  its  lower  end 

I  by  the  line  of  sight,  when  the  rod  is  held  vertically  on  any 

given  point,  i9calkdthQrea.t1ii]g»/'/<er(>if  at  that  point 


iBeaaH 


210.  Having  obtained  the  height  of  instrument,  the  e' 
I   tioD  of  any  point  somewhat  lower  than  the  cross-hair  ii 

ainedby  taking  a  reading  of  the  rod  upon  it.  The  n 
I  ing  subtracted  from  the  hcigbl  of  instrument  gives  the  eleva- 
tion of  the  point  above  the  datum.  The  elevation  of  anynnra- 
■,r  of  other  points  may  be  similarly  obtained.  But  the  elevi- 
tion  of  points  on  the  ground  higher  than  the  cross-hiUr,  1 
farther  below  it  than  the  length  of  the  rod,  cannot  be  ddf 
mined,  because  in  either  case  the  line  of  sight  will  not  cutll 
rod,  and  hence  there  can  be  no  reading.  Ja  order  fc 
such  points,  the  inatrument  must  be  removed  to  a  now  ^ 
tion,  higher  or  lower  Uian  before,  as  the  case  may  icquimll 

Sit,  Before  the  instrument  is  temoveAU 
W^aiyM»-firy  bench,  called  B  Tuvn\\>g  ViAwt  l.n.ni\  &«!&■{,«>' 
"'  "  or  "I^")  must  be  eBHibUa\ieii,  a.iiivWe'i 


r;d  as  for  any  other  point,  but  vith  more  care.  A  tuminj 
it  must  Im  a  firm  and  il/fiaili)  point  wliose  positioa  canuot 
readily  !«  altered  in  the  least,  nor  lost  Biglit  of.  A  small  staka 
firmly  driven,  or  a  point  of  rock  projeclinjj  upward,  is  fre- 
quently used.  The  reading  baving  been  taken  on  Die  turning 
point,  Uie  iostruinent  ia  carried  forwiird  t 
levelled  up  properly,  and  Itie  new  Ucight  of  Inatrumcnt  ob- 
lUDcd  by  a  new  reading  on  tbe  eame  turning  point.  Since  the 
cross-hair  ia  higher  tlrnn  Uie  point  (othorwise  there  coukl  be  no 
tcaditig}  UiQ  rending,  added  to  the  elevation  of  the  point,  gives 
the  Height  of  Instrument. 

312.  In  general,  the  intersection  of  the  urosB-hotrs  being 
tligber  than  any  point  on  which  a  reading  is  taken: 

To  find  the  Se^lit  of  Iit»triime)t,l,  add  thdrtading  on  apoiat 
to  Ot«  devotion  fif  the  point ;  and 

To  find  the  EHeaUion  of  a  point,  subtract  ilie  Teading  i» 
from  the  Seiffhl  rff  Inttrvment. 

A  reading  taken  for  the  purpose  of  finding  the  Height  of 
Instrument  is  called  a  Bucksi^ht  {B.H).  A  reading  taken 
fiiriiic  purpose  of  finding  the  elevation  of  a  lurning-poiul  (or 
i>f  a  bench  used  an  such)  is  called  a  Foresiglit  (/i^/jj.  Heucft 
liacksighls  are  always ^U8,  anil  Foresights  always  < 

2 13.  Tlie  form  of  field-book  used  for  the  survey  of 
II  railroad,  or  olJier  continuous  line,  is  shown  below.  The  first 
tiolumii  contains  the  numbetB  of  the  stations  on  the  line  an 
of  plus  distances  to  other  points  on  the  linenhereruodingsai 
liiken — ako  the  iailiala  of  benches  and  turning  points,  in 
order,  as  they  occur.  The  eecond,  column  contains  tho  back- 
(iijrhts,  takuii  on  points  of  known  elevation  only.  The  IMtA' 
column  contains  the  height  of  inslrument,  recorded  o 
aauts  line  na  the  elevation  of  tlio  luruiug  poiat(or  bench)  from 
which  it  ia  calciilitled.  The  fourth  column  contains  the  tonj- 
sights,  taken  on  new  turning  points,  and  benches  used  aa  such, 
only.  Tho  fifth  column  contains  tho  readings  taken  on  all 
oliicr  points  noted  in  tbe  first  column.  The  iixJh  column  con* 
i;iiiis  the  elcvalions  of  all  points  observed.  The  right-hand 
/vi^'c  ia  tvaerved  for  renmrks,  deacripl'we  ot  V\ui  \ic:vii;\vtft  'tt.'fl&, 

ilu-irlocatioa—of  objects  crossed  lij  Uic  \h\ii,  aRtiia.4s.>?.«'aif0sS 

-•.™/iips,  diichoa,  etc. ;  the  dcpLlia  of  b 


8ta. 

B.a. 

H.L 

F.a. 

Bod. 

Elev.     1           HemarkB.       i 

B.M. 

4,088 

aw.oRa 

»™;w„»„.M,..1 

3 

iilesa 

aiolG^a 

0.4S6 

U 

b:i 

3-B 

SOl.S 

iBfi!«io 
]9o:a 

Si 

BroukOwiclo;lde>-p 

B.M. 

s.im 

S17.4B3 

ill 

Maple,  ra  L. 

^ 

0,005 

sBi.eoi 

o.raa 

" 

39.IU9 

11.361 

9.163 


ll-Sen  =  (327.801  -  200.000)  =  27.81 


When  a  bttich  ia  not  usod  ns  a  turning  point,  tho  ri'iidioj;  on 
It  is  recorded  in  the  fifth  column. 

Tlie  numbers  in  tlie  second,  fourth,  and  fifth  coliimna  come 
directly  from  tlie  rod,  tiioao  in  the  Uiird  are  obtained  by 
addition,  those  in  the  sixth  bj  Bubtractiou,  according  to  the 
nik'  given  iibove.  The  addiliona  nnd  subtractions  mode  on 
encli  page  should  bo  prmxd  before  proceeding  to  tbc  c(t1cul»- 
tions  of  the  nest.  When  correct,  tbe  diHurcnce  of  tho  si 
of  the  bnckaie;1)ts  and  foresights  on  the  page  equals  tlis  d 
ence  of  tlic  first  and  last  elevations  on  tbu  page.  Thutt,  It 
form  givi:n 


In  this  prcmf  we  ignore  ail  elevations  except  those  of  turn- 
ing points,  and  benches  used  aa  such,  aud  tho  height  of  inslra- 


At  the  end  of  the  survey,  aa  well  as  at  the  end  of  each  day*! 
work,  a  bencti  is  cstabUsbed  from  wtiich  the  survey 
"  it  any  future  time      See  g§  28,  39.  and  BO. 


314r,   The  oDject  of  making  awch  ttSUTsc^  ■'(\'ii.\CTA  w 
"><I  is  to  /(irniflli  a  profile  or  uerttcaV  settvow  ol  ft\c  «o.\w 
'•"e,  Bbowmein  detail   tbc  rise  trnd  Sa\\  ^.^  ^^i^i  s>i'rt»ce  wa 
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wliirli  it  posees.  Tho  proBle  is  plotted  oa  proflle-puper  pub- 
[islied  fi>r  tho  parpoae,  tUe  horiKoiital  scale  buiag  usaally  4X1 
feet  to  nu  inch,  and  llic  verticul  scale  SO  feet  to  an  iucli.  This 
dielortiou  of  scale  maguifles  thu  vertical  meiLSures  so  ttiat 
slight  cboDges  in  the  etcvaiion  of  the  surfucu  nmy  be  seen 
distinctly. 

81S.  When  only  the  diflerooco  of  level  of  two  esireme 
pnints  is  required,  the  survey  is  more  simple.  No  readings 
are  taken  except  ou  tu ruing- puiu is,  the  backtiighls  and  fore- 
sights being  recorded  in  sepatale  columng.  No  calculation  ia 
required  until  the  survey  is  finishud,  when— the  Qrat  reading 
having  been  taken  on  one  of  the  given  points,  and  the  lost  on 
the  other — the  difference  of  the  sums  of  the  backsights  and 
foresights  is  the  diilereuce  in  elevation  of  the  two  points,  ac 
cording  lo  the  method  of  proof  mentioned  in  §  313.  Thus  the 
difference  in  level  of  any  two  benches  established  on  a  provi* 
oils  survey  may  be  tested,  aud,  if  found  correct,  all  the  inter- 
mediate elevations  on  the  line  may  be  assumed  tu  be  correct 
also.  The  discrepancy  should,  not  exceed  one  tenth  of  a  foot 
in  any  case,  and  is  usually  much  less. 

SIO.  Any  lack  of  adjiistmeut  in  the  instrument  gives 
the  line  of  sight  a  alight  angle  of  elevation  or  depression, 
causing  a  slight  error  in  every  reading,  proportiouai  to  the 
dislaace  of  the  rod  from  the  instrument.  But  tlic  errors  being 
equal  For  equal  distances,  and  the  backsights  and  foresights 
bnving  opposite  signs  in  onr  calculations,  the  errors  cancel 
when  the  distances  arc  equal.  Hence,  to  avoid  errors  in  ele- 
Talioo,  each  new  turning-point  should  be  as  nearly  as  possible 
at  the  same  distance  from  the  instrumeat  as  the  point  on  which 
ilie  last  backsight  was  taken.  For  precise  reading,  the  rod 
alioulil  not  be  more  than  400  teet  from  the  instrument. 

217.  Another  cause  of  error  ia  reading.?  is  want  of  verti- 
caiily  in  the  rod.  This  may  be  avoided  by  tho  use  of  a  disk- 
level,  or  in  the  absence  of  wind,  by  balancing  tho  rod.  Tlie 
rod  may  be  plumbed  one  way  by  the  vertical  MOBa-\»aw  qIvVir, 
fere/,  and  to  ensnro  a  vertical  reading  in  the  p\tH\col  totXvwieS. 
sight,  the  rod  may  bo  gently  waved  eacli  BuVe  oS  Wc  \ert\t^ 
fowartl  and  from  the  instrument,  the  ahorte^  Toaiims  ^JC^i.'?. 


the  correct  c 
rise  Ui,  but  1 
waved. 


e;  or  in  case  of  n  target  rod.  tlie  targot  bIidbIL 
A  above  the  horizontal  croaa-hidi,  as  the  I'od  | 


■e  required  to  be  taken  ^ 
lUBt  be  considered,  namol^ 


218.  When  very  long  aighU  a 
the  level,  another  aourco  of  error  i 
tlie  eurvnCure  of  tbe  eartli. 

A  teed  lirie  is  parallel  to  a  great  circle  of  tbe  earth,  and  ia 
therefore  an  arc  of  a  circle,  or  may  be  eo  considered. 

A  Iwi-iiontid  line  la  a  straight  line  paruHe)  to  tbe  plane  of  iJie 
horizon.  Therefore  the  line  of  sight,  being  a  borizonlai  line, 
is  tangent  to  tlie  circle  of  a  level  line  passing  through  the  in- 
Btrunient. 

Tejiad  the  eorreetioji  in  decatioa  due  to  curvature  of  tlic 
earth  for  any  dUtarU  staUi/n.    Pig.  83.  i 


Fio.  ss. 

Let  A  be  the  station  of  the  iustriiment  /,  and  B  the  distant 
station  observed. 

Let  R,  =  CI=  tbe  radius  of  curvature  of  the  earth,  or  of  Ihe 
parallel  arc  TD.  Let  L,  =  ID  =  the  level  distance  between 
A  and  B.  Then  IE.  perpendicular  to  CI.  U  tlie  line  of  sight, 
BE  is  the  reading  of  the  rod,  and  BE  =  ffi,  =  the  correctioD 

By  Tab.  I.,  34.  iE'  =  BE  (BE+'iR,):  but  since  DS\i 
very  small  compared  with  211,,  it  may  be  omitted  from 
parentbesia,  and  since  IE  =  IB  =  i„  very  nearly, 
llic  aasleACB  is  very  small,  we  have  Z,'  =  ZR^E^. 


'a  to  be  adiUd  to  the  appavenl  c\e^a\.ion  ol  B\wC\oa  B- 


n  me' J 
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210*  Befraction.  In  observing  distant  stations  the 
line  of  sight  passing  through  the  atmosphere  is  refracted  from 
the  straight  line  IE,  Fig.  82,  and  takes  the  form  of  a  curve, 
which,  for  practical  purposes,  may  be  considered  as  the  arc  of 
a  circle,  concave  downwards.  Its  radius,  depending  on  the 
conditions  of  the  atmosphere,  varies  from  5i  to  7i  times  the 
radius  of  curvature  of  the  earth.  IB^  is  considered  a  good 
average  value. 

Refraction  causes  the  observed  object  to  appear  too  high, 
while  the  curvature  of  the  earth  causes  it  to  appear  too  low ; — 
the  effects  being  contrary,  the  correction  for  curvature  is  re- 
duced by  the  correction  for  refraction.  If  we'  let  H^  —  the 
total  correction  for  both  curvature  and  refraction,  to  be  added 
to  the  apparent  elevation  of  the  observed  object,  then 

H^=\e^=:^^  (316) 

Table  XVII.  is  calculated  by  this  formula,  assuming  a  mean 
value  oiB^  =  20,913,650  feet. 

220.  The  form  of  the  earth  is  approximately  an  el- 
lipsoid of  revolution.  Its  meridian  section  at  the  mean  level 
of  the  sea  is  an  ellipse,  the  semi-axes  of  which  are,  according 
to  Clarke, 

at  the  equator  A  =  6378206  metres  [6.8046985] 

at  the  poles       i?=  6356584      "       [6.8032238] 

According  to  the  same  authority 

1  metre  =  3.280869  feet  [0.5159889] 

Therefore  the  serai-axes  expressed  in  feet  are 

yl  =  20  920  058  feet  [7.3206874] 

J5  =  20  855  119    **  [7.3192127] 

Then  the  radius  of  curvature  of  the  meridian 

at  the  equator,  -^  =  i?^  =  20  784  422  ft.  [7.3177379] 

at  the  poles,     -^  =  i?,  =  20  997  240  **  \7.^^\^^\ 


I 


FlUJ 
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In  latitude  40°  the  radiua  of  curvalnre  of  the  meridian  is 
871  000,  ami  of  a  seclion  at  right  augles  to  tlie  meriilian. 
flfiS  400;  llie  mejn  value,  or  B„  =  20  013  030  [7.330430J,  be- 
ing adapted  for  general  use.  The  error  in  llie  correcliou  i/, 
eq.  (310)  due  to  thiu  assumption  will  usually  Im  much  less  lliun 
Uiat  due  to  the  aasnaied  value  of  tlie  radius  of  refraction. 


321.  Levelling:  by  Trauslt  or  Theodolite.  When 
a,  transit  lins  a  lisvel-tube  attached  lo  llie  telescope,  it  muy 
be  used  as  a  Theodolite  for  levelliug,  and  for  taking  vcrticiil 
angles.  If  the  instrument  he  ia  perfect  ailjustmctit,  the  linu 
of  sight  will  he  horizoDlal  ■when  tlie  bubble  stands  at  the 
middle  point  nf  the  tube,  and  the  reading  of  the  vertical  circle 
will  be  zero.  Should  there  be  ii  simill  readiug  when  tbe  line  of 
rtght  ia  horizontal  it  is  called  the  indeie  error.  Wlien  the  line 
of  sight  is  not  horizontal,  the  angle  whicL  it  makes  with  the 
plane  of  the  horizon  is  called  an  angle  of  ulcyation,  or  of  de- 
pression, according  as  the  object  upon  which  the  line  of  ^glit 
is  directed  is  abi^vc  or  below  the  telescope.  This  angle  is  • 
measured  on  the  vertical  circle,  being  the  differeaee  of  the 
reading  and  the  inde.^  error,  when  both  are  on  the  same  side  ' 
of  the  zero  mark,  and  their  num.  when  they  are  on  opposite 
sides.  When  the  distance  to  an  observed  object  is  known, 
aad  its  angle  of  elevation  or  depression  is  measured,  we  may 
calculate  Its  vertical  height  above  or  below  the  telescope. 

,      ,  (  elevation 
«  =  angle  of  -J  , 

'  depression 

"         i  —  the  horizontal  distance 
"       L'  =  Ihe  disiance  parallel  Ifl 

line  of  sight 
"         h  —  difference  in  elevation  o(    , 
object  and  in 
Then  for  short  distances, 
h  =  L  tan  tr  —  i'  sin  « 
S'ta.  88.  For  long  dialances  the  curvature  t 

11-tb  and  refraction  muat  be  coTiaidctcA.   "S\^  ^. 
'  -^  be  tho  place  of  the  ioaWumetiX,  o.ii4  ¥  ^ta  ti 
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Let  Xo  =  the  distanoe,  measured  on  the  chord  of  the  level 
arc  ID,  passing  through  the  instrument;  and  let  ^  =  the 
number  of  seconds  in  the  arc  ID\  hence,  since  for  ordinary 
distances  the  chord  and  arc  are  sensibly  equal, 

^  =  ^  a06264'.8  [6.314425] 

t    or  giving  to  B^  its  mean  value,  §  220, 

^  =  X,  X  .0098627  [7.993995] 

or  a  fraction  less  than  1'  per  100  feet. 

Let  ZF'be  the  arc  of  the  refracted  ray,  and  assuming  that  its 
radius  is  IB^,  the  arc  will  contain  |th  the  number  of  seconds 
of  the  arc  IF 

IF\  tangent  to  IF,  is  the  direction  of  the  telescope;  IF  is 
the  chord  of  the  arc  IF,  and  IE  is  the  horizontal. 

Let  a  =  EIF'  =  observed  angle  of  elevation.  Then  EIF  = 
true  angle  of  elevation  =  EIF'  —  F'lF—  a  —  i  .  j^  =  a  — 
.071^. 

The  angle  EID  =  i^  .  •.  BIF  =  ^^  +  a  -  .071^;  and 
IDF^  90"  +  iV^ .   .-.  IFD  =  90°  -  (^  +  a  -  .071# 

We  now  solve  the  triangle  IFB  for  the  side  BF  =  A,  and 
find 


I 


"  COS  (^  +  ^  "~  .071^)  ^      ' 

For  an  observed  angle  of  depression  make  a  negative  in  the 
formula. 

The  coefficient  .071  is  called  the  coefficient  of  refraction,  this 
being  a  fair  average  value,  while  its  extreme  range  is  from  .067 
to  .100  under  varying  conditions  of  the  atmosphere,  and  values 
of  the  angle  a. 

When  the  difference  in  elevation  of  two  or  more  distant 
objects  is  required,  we  obtain  the  elevation  of  each  separately, 
and  subtract  one  elevation  from  another.  The  elevation  of  the 
observed  object  is  given  by  (JET.  /.)  ±  A. 

222.  Ibjhid  the  Height  of  InstruiaeiKt  of  a  Kr«n»X  w 


Let  /  be  Hie  place  of  tbe  inslrument,  and  let  a  = 
ngle  of  depression  of  tbe  horizon, 

Letii°be  tbe  poiut  wliere  the  ref meted  ray  meeta  the  level   ' 
mrfaoe,  and  draw  the  chords  //''and  AF. 

Let  0  =  Hie  angle  AVF.  let  7i  =  AI,  and  let  k  —  the  coeffl- 
iient  of  refraction. 

In  the  triangle  lAF, 

TAF  =  90°  +  iifr,  AFI  =  ijft  -  k^,  AIF  =  90'  -  (^  -  k^) 
Hence  FIE  =  ip  —  kib.     But  FIE  -  a  +  kip 

Let  F"  be  the  tangent  point  of  a  right  line  drawn  through  M 


aen  AI  =  OF'  exsec  ACF',  but  OF'  =  R^,  and,  since-^ 
Jwaya  very  small,  ACF'  =  j(^  +  n)  very  nearly  = 


c/fl£-  (o  ^^  ((s  meao  value,  £^220,  atiA  aaaM.ni\a%l4  =  ^  j 
log/i  —  7^30430  +  logcxsctV.QWVo. 
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Otherwise^  we  may  solve  the  triangle  AIF^ce 
AF=  2iJ„  sini^  =  2R,  sin         ^ 


and  h  =  AF 


2(1  -  2k) 

sin  {\tl)  —  kif)) 
cos  (^  —  k\^) 


»       o  z>     •  ^  sin  i«  .„--. 

*  =  ^^°«^"2(i^:w)- — r=jr-       (^^2) 


When  A;  =  ^ 


h  =  2i?,  sin  Aa  .  _iEi^  (323) 

^*       cos  Ha 


Example. — ^The  observed  dip  of  the  sea  horizon  is  24'  =  a- 
What  is  the  height  of  the  instrument  above  the  sea? 

By  eq.  (321)  1.0801  X  a  X  60  =  1555".34  3.191825 

2 


6.383650 
Table  XXVI.  (q  -  2  2)  9. 070130 
fi  7.320430 


A  =594.58  2.774210 

Methods  of  determining  heights  by  distant  observations  can- 
not be  relied  on  for  more  than  approximate  results,  since  they 
necessarily  involve  the  uncertain  element  of  refraction,  and 
usually  a  lack  of  precision  in  the  vertical  angle,  the  arc  reading 
only  to  minutes  in  ordinary  instruments.  These  methods,  how- 
ever, are  useful  where  no  great  accuracy  is  required,  as  for  a 
temporary  purpose  until  levels  can  be  taken  in  the  regular  way, 
or  for  interpolating  between  points  of  established  elevation. 

223.  Stadia  Measurements. 

It  is  sometimes  convenient  to  determine  distances  by  instru- 
mental observation  For  this  purpose  two  additional  cross- 
hairs may  be  placed  in  the  telescope  parallel  to  each  other  and 
equidistant  from  the  central  cross-hair.  These  are  called  stadia 
hairs,  and  distances  determined  by  them  ax(i  c?^\^^  ^Xa-^x-ii. 
measurementB.     The  stadia  hairs  are  ad^ualed  so  tv?»  Vci  vo\.«^- 

cept  a  certain  space  on  a  rod  held  at  a  certaXtv  eL\?X«ac^  ^^^'ca. 

be  knatrument  and  perpendicular  to  the  Ime  ot  svgYA..  ^«^  ^^^ 


other  place  of  (he  rod,  the  distiinceB  and  intereepted  spaceB 
e  nearly  propottiooal.    TLs  extict  relatiou  is  giren  bcluw. 


I  glass  to  tlie  rod;  >'  =  tho  space  between  tbe  stadia  haicg;  »  = 

CD   tho  space  intercepted  ljy  them  on  tlie  rod;  ond/=  tbo 
focal  distance  of  llie  object-glasa.    We  then  have  by  optics, 


(/+c)  =  j«.    Nowio  anygivcu  inatrmnent  tlie  focal  diataoca 

/,  and  the  space  hct ween  the  stadia  hairs  !  are  constant,  while 
»  and  c  vary  ivith.  I.     For  any  other  distance  l',  we  then  have 


-  (/-f  e')  =  -,s\  aud  combining  the  two  equations 


»9 


«' is  usually  assumed  at  1  foot  and  ('  -  {/+«■)  at  100  feet, 
and  tlie  ulartia  liairs  are  then  adjusted  accordingly.  The  focal 
disliince/may  be  found  by  remoTing  the  object  glass  and  ex- 
posing it  to  the  rays  of  the  sun  and  noting  at  what  dialancu 
from  the  surface  of  the  lens  the  rays  form  a  perfect  and  min- 
ute image  of  the  sun  on  a  smooth  surface;  the  distance  f'  is 
measiireti  on  the  telescope  when  the  rod  is  clearly  in  tocux, 
at  the  assumed  distance. 

To  measure  any  other  dishince,  the  rod  is  again  observed 
at  till-  ficsireii  point,  and  the  space  a  irnlcd,  ■which,  placed  in 

•??.  (3S4i.  ffivas  I  -  (/-I-  rt  sit  once,    "We  tt^cix  \nB»s>.«t  e  on. 

""^  tiih-scopc,  and   adding  (/  4-  cl,  o^j^aiu  I,  VVe  tofiuoicjc.  w. 
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But  inasmuch  as  e  has  but  a  small  range  of  values,  it  will 
usually  be  sufficient  to  assume  for  it  a  mean  value,  as  a  con- 
stant. In  this  case  we  may  find  the  value  of  (/  +  c)  =  IF 
for  the  instiniment  used.  Making  c'  =  c  in  eq.  (324),  and  solv- 
ing for  (/+  c),  we  have 

8l'  -  s'l 

f+<^  =  ^^rj-  (325) 

and  by  laying  off  on  level  ground  any  two  distances  from  the 
instrument  for  I'  and  I,  as  100  and  500,  and  observing  the 
corresponding  spaces  «'  and  s  intercepted  on  a  rod,  we  insert 
them  in  eq.  (325)  and  find  (/+  c). 

Having  found  (/+  c),  lay  off  (100  -\-f-\-c)  from  the  instru- 
ment and  adjust  the  stadia  hairs  to  inclose  just  one  foot  on 
the  rod  at  that  distance.    Any  other  distance  is  then  found  by 

the  formula, 

I  z=  100  8 +  {f+c)  (326) 

Example.— At  l  =  100  we  find«'  =  1.00,  and  at  i  =  500  we 
find  8  =  5,061. 

Hence,  eq.  (325)      /+  e  =  ^^^Jq^j^  =  1-502 

and  eq.  (326)  I  =  100  «  + 1.5;  provided  the  stadia  hairs  be  ad- 
justed so  as  to  intercept  1  foot  at  101.5  feet  distance  from  the 
centre  of  the  instrument. 

224:.  The  foregoing  formulas  are  all  that  are  necessary  for 
horizontal  sights,  but  since  the  line  of  colllmation  is  generally 
inclined  more  or  less  to  the  horizon,  it  follows  that  the  stadia 
hairs  will  intercept  a  larger  space  on  the  vertical  rod  than 
that  due  to  the  true  horizontal  distance.  We  therefore  require 
a  formula  for  reducing  inclined  measurements 
to  the  horizontal.    Fig.  86. 

Let  a  =  EFG  =  the  angle  of  Inclination  of  the  line  of  colll- 
mation IG\ 
0  =  CFD  —  the  visual  angle  defined  by  the  stadia  hairs; 
s  =  CD  =  space  intercepted  on  a  vertical  rod. 

Then  fFJ^.  85), 


It 

II 
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III  Fig.  80 

»=  CE—DE=Eir[ig.n(a-\-i(i)--l&iiin-i5) 
Uii!  trtic  value  (far  lUe  samu  dietiuicc)  woiJd  lie 

CD-  =  2EFtaaiO 
mg  one  by  tbs  other  wo  derive 

O'ly SJanJB 

s      -  ian  (a  +  J5)  -  tan  (a  -  46) 
ring  to  »'  and  i'  —  (/+  c)  in  cq^.  (337)  their  customary 


ffe.,  1  and  ion,  ive  Lave  tan  i"]  = 
d  by  Trig.  Taljle  II.  70, 


ten  la^m  - 


^'      cos(«  +  yj)<;OB(a-i'J) 
'\a  Bmiill,  wc  lutve  eensibly 
sin  0  =  2  tHQ  iO,  and  cos  (n  +  JO)  coh  (or  -  K')  =  cos'  a 
and  the  \&e\  equation  reduces  senaibiy  to 

rhich  is  the  coefficient  of  reduction  required  by  whicli 
bnultiply  the  observed  space  K  in  case  of  inclined  siglits. 
penco  the  formula  for  dialancu  (cq.  326)  becomes  in  tliis  c« 
it  Bonsibio  error 

s  XVllL.   mid  XIX.  liuvu  \n!i;n  tiAcviWViii  Xi^  \i«i  «: 
a  for  (lie  coeliickiit. 
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Example.— Given  :   «  =  8*  20'  and  s  =  9.221;  what  is  the 
horizontal  distance  to  the  rod? 


Eq.  (329) 

8 

a 


/+« 


100 
9.221 


902.7 
1.5 


8^"  20'  Tab.  XIX. 


.-.  Ans,  904.2  ft. 


log.  2. 
"    0.964778 
"    9.990780 


2.955558 


The  rodman  should  have  a  disk  level  to  insure  keeping  the 
rod  vertical. 

225.  Another  method  of  procedure  is  that  in  which 
the  rod  is  always  held  perpendicular  to  the  line  of  coUimation, 
however  much  inclined  the  latter  may  be.  To  secure  this  posi- 
tion of  the  rod,  a  small  brass  bar  is  attached,  having  sights 
upon  it  through  which  the  rodman  watches  the  instrument 
during  an  observation,  the  line  iDf  sight  being  at  right  angles  to 
the  rod.  The  distance  thus  obtained  is  of  course  parallel  to 
the  line  of  collimation,  and  requires  to  be  reduced  to  the  hori- 
zontal. 

For  this  purpose,  we  have  (Fig.  87). 


or 


FiQ.  87. 
m  =  10  cos  a  +  BG  sin  a 
IE-  (100  «+/+c)  cos  a  +  r  sin  a 


(330) 


in  which  r  is  the  reading  of  the  rod  by  the  line  of  collimation. 
For  the  elevation  of  the  point  B  above  I^ 


or 


£JB=nG--  GBQ.09.a 
IiJB=  (loo  s  -f /-f  c)  siu  a  —  r  eo»  a 


^ 


Wliou  the  distances  are  Bufficicnlly  grojit,  correction  tn 

for  curvature  of  liic  varlh  and  refraction,  as  already  Oj 
plained. 

This  method  is  employed  Iiy  the  lopograpliical  parties  uf  Ibl 
U,  B.  Coast  Survey  in  connection  willi  tiio  plane  table. 
iuHrumentH,  however,  are  so  constructed  as  to  give  dlstano^ 
In  metres,  and  heights  in  fuel,  rciiuiriug  a  modification  of  tj 
aliovo  formulcc. 


CHAPTElt    IX. 


22fi.  The  engineer  dcpartineut  of  a  railway  coi» 

-pany  is  usually  reorganized  (pr  the  cooslruclion  of  the 

■ms  follows :    Chief    engineer.   Division  engineers,    Reaido^ 

^Dgineers,  Assistaat  ouginceTs.     Ou  some  roads  the  divisici 

Bnginccrs   are   styled    ''Principal   Assistuuts  ;"   the   roddq 

cngint'era,  "AssUtunU-i;"  nud  the  assistant   cugineera  are  di 

aiguated  according  to  their  duties,  as  "leveller,"    "  rodnu^ 

etc,  ; 

A  resident  engiaecr  has  charge  of  a  few  miles  of  llM 

Lliniited  to  so  much  as  he  can   personally  suporintuud  on 

•direct.    He  has  one  or  more  ussistuuls  and  an  axman  In  b] 

i^rty.     All  instrumental  work  is  done  and  nil  measuremca) 

'tafccii  liy  tlie  resident  engiuuerand  hU  assistants.  , 

A  dlvlHiou  engineer  lias  charge  of  several  resident^ 

and  inspects  tlic  progress  of  the  work  on  liis  divldon  oi^ 

r  twice  a  week.      In  his  oSlce,  which   should  tia  centra^ 

lot^ted,  ail  maps,  profllc-s,  pliins,  and  most  of  the  workla 

lawlngs  required  ou  his  division  are  prepared.     To  him  til 

isiilent  engineers  make  detailed  reports  once  a  monUi, 

^■|teiier  if  necessary,  which  he  passes  upon  na  to  their 

^^B^esB,  and  from  which  ho  niaki'S  up  a  monthly  rcpui 

^^Btmata,  of  the  amount  and  value  of  the  work  done  and 

^KfrialB  provided  by  each  contmcloi  on  \m  livjialoa.    The 

Wwes  are  forwarded  alioul  the   first,  ot  ewih.  mQatti.  1« 

™^e/  engineer,  win;  ex;imini;H  anil  n\iprovca  ttwaa, 

"^  '"oaiScatiaa  any  that  seem  to  req^Hivc  \X.. 


coKSTRucnox.  197 

The  cliief  engineer  has  charge  of  the  entire  work, 
^^'1  and  directs  the  genen,!  business  of  the  engineer  de^iartmeut. 
He  oct^asionally  inspects  the  work  along  the  line. 


-t.  i 


227.  Clearing  and  Grubbing^.  The  first  step  in 
the  work  of  construction  is  to  clear  off  all  growth  of  iiml>er 
within  the  limits  of  the  right  of  way.  The  resident  eugmeer 
with  his  party  passes  over  the  line,  making  offsets  to  the  right 
and  left,  and  blazing  the  trees  which  stand  on,  or  just  within, 
the  limits  of  the  company's  propert}'.  The  blazed  spot  is 
marked  with  a  letter  C,  as  a  guide  to  the  contractor.  After 
felling,  the  valuable  timber  should  be  piled  near  the  boun- 
dary lines,  to  be  saved  jis  the  property  of  the  company.  The 
brushwood  is  burned. 

Where  a  deep  cut  is  to  be  made,  the  stumps  are  left  to  he 
removed  as  the  earth  is  excavated.  In  verv  shallow  cuts  and 
fills  the  contractor  will  genenilly  prefer  to  tear  up  the  trees 
by  their  roots  at  once,  rather  than  to  grub  out  the  stumps 
after  clearing.  Where  the  embankments  will  be  over  three 
feet  high,  grubbing  is  not  necessary:  but  the  trees  require  to 
be  low-chopped,  leaving  no  stump  above  the  roots.  The  engi- 
neer should  indicate  to  the  contractor  the  localities  where  each 
process  is  suitable. 

228.  While  the  clearing  is  in  progress,  the  engineer  should 
run  a  line  of  test  levels  touching  on  all  the  benches  to  verify 
their  elevations  ;  he  may  also  rerun  the  centre  line,  replacing 
any  stakes  that  may  have  disappeared,  and  setting  guard  plugs 
to  any  important  transit  points  which  may  not  have  been 
previously  guarded.  If  any  changes  In  the  alignment  have 
been  ordered,  these  may  be  made  at  the  same  time. 

229.  Cross  Sections.  The  resident  engineer  is  fur- 
nished with  a  profile  of  the  portion  of  the  line  in  his  charge, 
upon  which  is  plainly  indicated  by  line  and  figures  the  estab- 
lished grade.  From  this  he  calculates  the  elevation  of  grade 
at  each  station,  and  by  subtracting  this  from  the  elevation  of 
the  surface,  he  derives  the  depth  of  cut  or  fill  (+  or  — )  to  l)e 
made  at  each  point.  The  grade  giveii  on  U\^  \>xa^\^  v^  \.W\» 
winch  Is  subsequently  called  the  B\\\'>gvsvde»\iVi\xv^N^vfew\\\i6R» 

of  the  roadbed.     The  final  or  true  gvadvi  Va  VV\^  \xv^x  ^sisixVw 
of  the  tiea  after  the  track  is  laid. 


Tlu  bust  of  B,  cross  sectioii  is  ideutical  with  tlie  tridtli  of  U 
roadbed.  It  ia  made  widtT  ia  citta  tliun  in  QWa  to  allow  fol 
tliQ  side  ditcliea.  Six  ieet  aiiould  bu  allowud  iu  eartli,  e 
four  feet  in  rocl(  cilia.  Tliti  ratio  of  the  side  slopel 
depends  upon  llio  material.  Tlie  usual  slope  ratio  for  eartii  i| 
ii  horizontal  to  1  vertical  Sov  liolii  excavatioii  aud 
meat.  Damp  clay  and  solid  gravel  beds  will  stand  for  a 
Id  cuts  at  1  tu  1,  or  nu  angle  of  45°,  but  this  cannot  be  pennv 
neiitly  depended  on.  On  tlio  other  band,  fine  Kind  nod  v 
■wet  eluy  may  require  slopes  of  IJ  to  I  or  3  to  1.  Enceptio 
cases  require  slopes  of  3  or  4  lo  1,  In  rork  work  the  slopes  an 
Tisunlly  made  nt  i  to  1  for  solid.  (  to  1  for  loose,  and  1  to  1  for' 
very  loose  roek,  liable  to  diijiiilegrate.     Rock,  emlmnkmenta 


H 


230.    All  cross  seclious  are  taken   in   Tcrtical   plan 
right  angles  to  the  direction  of  the  centre  line.     Figs.  B 
Fumiiilic. 
Let  ft  =  AB,  the  base  of  aeclion,  or  road-bed. 
s  =  -J-.-.-J  =  the  slope  ratio 
■   rf  =  CfT'  =  lliucul{orti[l)atllieepntrefitAke. 


=  1)11 1. 


r  EN  =  the  eiil  (or  fill)  iit  tlie  side  alako. 
the  "distance  out  '  from  centre  to  side  Btak&i 
=  KD.  "^ 


Wi 


ive  at  once  from  the  figures  the  general  formula 

a=^  +  *A  (SSS) 

Oie  ffrouiul  in  lerel  Irimsra-'dy; 

h-tl,  atnl  X  =  i/i  +  gd. 
embankment  use  the  same  formiila,  considering  d  or  A  I 
Bitive  in  this  case  alao,  the  figure  being  simply  inverted. 
II  Hie  grouii/t  ix  iiielin&l  IranKcei-nelg; 
i-Ca-{-DK  =  d-\-y     00  the  vj.iier  akh  in  But»; 

1  =  4b-\-«d-\-»}|  (33S) 


=  E^,' 


n  lUe  Ui 
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For  embarUcmerUs  use  the  same  formulae,  but  apply  eq.  (333)  to 
the  latoer  side  and  eq.  (334)  to  the  upper  side,  the  figure  being 
inverted.  The  points  D  and  E  on  the  ground  are  usually  found 
by  trial,  such  that  the  corresponding  values  of  x  and  y  will 
verify  the  formulsB. 

When  the  natural  dope  FD  or  LE  is  uniform  it^  ratio  s'  may 
be  found  by  measuring  along  the  section  the  horizontal  dis- 
tance necessary  to  change  the  reading  of  the  rod  1  foot  (or  half 
the  distance  necessary  to  change  it  2  feet,  etc.).  Then,  having 
found  the  depths  of  cut  (or  fill)  at  Fslr&  L,  distant  ^b  from  the 
centre  (7,  we  have 

BH=8h  =  «'(A  -  BF) 

and  A2V  =  sh  =  8'{AL  -  h) 

From  these  we  have,  for  the  upper  side  in  cuts,  and  lou)er  side 
in  fills. 

h  =  -A^BF  .-.  x  =  ib  +  -^BF         (335) 
also,  for  the  iower  side  in  cuts,  and  upper  side  in  fills, 

h  =  -^'^AL  .■.x  =  ib  +  j^AL         (336) 


We  also  have 


and 


h-  BF=  -r^—  BF 

8    —  8 


(337) 


whence  the  points  D  and  E  may  be  found  by  the  level. 

But  points  J)  and  ^thus  calculated  should  have  their  posi- 
tions verified  by  the  general  formula,  eq.  (332),  lest  the  slope 
8'  may  not  have  been  perfectly  uniform. 

When  the  natural  surface  intersects  the  hoM  between  the 
points  A  and  B,  the  section  is  said  to  be  in  side  hill  work. 
Fig.  90.  Both  portions  of  the  section  are  then  determined  by 
eq.  (333),  or  where  the  slope  s'  is  regular,  by  eq.  (335)  measuring 
In  every  case  from  the  centre  stake  C\  but  observing  that 
when  the  centre  is  in  cut  and  one  side  in  fill,  or  vice  versa,  that 
d  must  be  considered  negative  for  that  side,  whence  eq.  (333) 
becomes  for  this  case 
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231.  Staking:   out   !E2arthwork«      Beginning  at  n 

point  on  the  centre  line  where  the  grade  cuts  tlie  natural  sur- 
face, the  engineer  drives  a  grade  stake  (marked  0.0)  and  notes 
the  point  in  the  cross-section  book.  If  the  line  of  intersection 
of  the  road-bed  and  surface  would  make  an  acute  angle  with 
the  centre  line,  he  also  finds  the  points  where  the  edges  of  the 
proposed  road-bed  will  intersect  the  surface,  drives  grade 
stakes,  and  also  stakes  out  a  cross  section  through  each  of 
tliose  points,  if  necessary. 

Then  advancing  to  the  next  point  on  the  centre  line  where 
a  section  is  required,  he  finds  its  elevation  with  the  level  (veri- 
fying or  correcting  the  elevation  taken  on  the  location),  calcu- 
lates the  depth  of  cut  or  fill  GG,  which  is  then  marked  upon 
the  back  of  a  stake  there  driven ;  a  cut  being  designated  by  G 
and  fxfill  by  F. 

If  the  ground  is  Level  transversely  (Fig.  88),  he  calculates  x  by 


Fig.  88. 

eq.  (882)  and  lays  off  this  distance  at  right  angles  to  the  centre 
line,  driving  slope  stakes  at  the  points  D  and  E,  marked  with 
the  depth  of  cut  or  fill.    The  marked  side  of  slope  stakes  should 
face  the  centre  line. 
If  the  ground  is  inclined  transversely  (Fig.  89),  he  first  measures 


Fig.  89. 


the  distance,  ^,  to  F,  and  finds  the  depth  BFtoT  record.    He 
then  proceeds  to  find  the  point  2).    If  the  natural  slo{>e  be  uni- 
form, 2)  may  be  found  by  eq.  (335)  or  (337),  verifying  the  result 
^^  ^Q-  (S32).     The  point  E  of  the  other  s\ove  m-a.^  \sfe  lovyad 
a'miiarly,  using  eq.  (336)  or  eq.  (3ST);  YeTiiym^^x^  «s\,  <5!^V 


CONSTRUCTIOiq-.  201 

232.  If  the  ground  he  irregular,  the  depth  of  cut  or  fill  is 
found  uot  only  at  the  centre  and  edges  of  the  road-bed,  but 
also  at  every  other  point  along  the  cross  section  wJiere  tJie  sur- 
face slope  changes,  all  of  which  depths  are  recorded,  together 
witk  their  respective  distances  from  the  centre.  To  find  the 
point  D:  assume  a  point  supposed  to  be  near  D,  and  there 
take  a  reading  of  the  rod.  The  difference  of  the  readings  at 
that  point  and  at  C  equals  y'  for  that  point,  which  inserted  in 
eq.  (333)  gives  a  value  x'.  If  x'  agrees  with  the  horizontal  dis- 
tance of  the  assumed  point  from  C,  the  true  position  of  D  has 
beon  found.  If  x'  be  greater  than  this,  by  subtracting  the  eq. 
^  zz  \b -\- sd  +  sy'  from  eq.  (333)  we  derive 

x  =  x'  +  s{y-y')  (338) 

the  last  term  of  which  shows  the  correction  to  be  added  to  x'. 
Now  in  advancing  from  the  assumed  point  to  the  extremity  of 
«',  the  rise  of  the  surface  is  approximately  {y  —  y'),  and  if,  in 
going  the  additional  distance,  s{y  —  y'),  a  further  rise  is  en- 
countered, this  last,  multiplied  by  s,  must  also  be  added  to  x\ 
and  so  on  until  the  additional  advance  makes  no  change  in  the 
value  of  y.  The  point  thus  found,  verified  by  eq.  (332),  is  the 
point  D  required. . 

But  if  x'  be  less  than  the  distance  of  the  assumed  point  from 
Cy  we  have 

x  =  x'  —  8(y'  -  y)  (338)' 

the  corrections  being  subtractive. 

The  point  E  on  the  other  slope  is  found  in  a  similar  manner, 
using  eq.  (334)  for  the  value  of  x  ;  if  «'  be  greater  than  the  as- 
sumed distance,  we  have 

x  =  x  -s{y-  y')  (339) 

the  corrections  being  subtractive  ;  but  if  x'  be  less  than  the  as- 
sumed distance, 

X  =x'  +  s(y'  -  y)  (339)' 

the  corrections  being  additive. 

m 

233.  In  side'hill  work  (Fig.  90>  pxocec^  vo.^'Ji  %"ax^^ 
manner,  using  eqs.  (383)  or  (333)'  and  (S^S)  m  a\\  <i«afc^  ^^  ^«y 

even  ground.     When  the  surface  slope  8*  \a  wmloxm,  ^^l-  ^^S 
mBv  be  used,  if  preferred,  on  either  side.    In  cAi^^oxk  v-  ^* 


%*« 


I  ccnire  and  Ride  stakcH.  a  grado  sUiku  is  drivea  at  Uie  point 
I  wlicre  [Le  surface  iuteraecls  tbe  graUo,  liia  stake  facing  doi 
tliill. 

To  find  a  grade  point,  set  tlie  target  to  a  reading  equal  to  t 
I'licigbt  of  iQBtnimont  h'M  the  eleval.itiu  of  grade,  aud  staud  t 
at  various  points  along  the  given  line  until  tlic  target  coi 
a  witli  tliu  line  uf  collinii 


33-1:.  "Wlirn  two  materials  are  found  in  the  same 
B  ruck  ovurlaid  with  earth,  each  material  rci^ulrus  ita 
lope,  and  a  conipoand  section  is  the  result.     To 

a  wi/rk  oflhU  ilescrijition,  the  depth  of  earth  to  the  rock 
e  known,  and  may  be  nearly  ascertained  by  reference  I 
a  already  excavaled.     Fig.  91. 


Let  a,  be  the  depth  of  parth  at  C 


)f  rock  slope 
earth  elope 


=  il>  +  s,{d- 


tyO+'iC".  ±1/,) 


(340) 


»  which  ff,  =  rfifTeronco  rit  rod  readings  onUiBTwA;  at  6',  and 
r  C„  and  E, ;  aud  y^  —  diffieicnw;  oi  To4'CBai\\&^  is 
"'irfaeeat  J' and  i),,  oral  Q  and  Bi.     T^c  M'Qi'eet « 
'oUjo  upper  ajdg,  tlic  lower  aguVo  VWuIowpt, 
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It  is  better,  however,  to  make  an  indefinite  cross  profile  at 
first,  driving  two  reference  stakes  quite  beyond  the  section 
limits;  and  when  the  contractor  has"  removed  the  earth  from 
between  Dx  and  Ex,  indicate  to  him  those  exact  points  by 
marks  on  the  rock,  and  also  set  the  slope  stakes  at  D^  and  E%. 

235.  The  frequency  with  which  cross  sections  should 
be  taken  depends  entirely  upon  the  form  of  the  surface;  where 
tbis  is  regular,  a  section  at  each  station  is  sufficient.  A  cross 
section  should  be  taken,  not  only  at  every  point  on  the  centre 
line  where  there  is  an  angle  in  the  profile,  but  also  wherever 
an  angle  would  be  found  in  the  profile  of  a  line  joining  a  series 
of  slope  stakes  on  either  side,  even  though  the  profile  of  the 
centre  line  may  be  quite  regular  at  the  corresponding  point: — 
the  object  being,  not  only  to  indicate  the  proper  outlines  of 
the  earthwork,  but  to  furnish  the  data  necessary  to  calculate 
correctly  the  quantities  of  material  removed.  Rockwork  will 
generally  require  more  frequent  sections  than  earthwork. 

236.  Vertical  Curves. — The  grades  as  given  on  the 
profile  are  right  lines,  which  intersect  each  other  with  angles 
more  or  less  abrupt.  These  angles  require  to  be  replaced  by 
vertical  curves,  slightly  changing  the  grade  at  and  near  the 
point  of  intersection.  A  vertical  curve  rarely  need  extend 
more  than  200  feet  each  way  from  that  point.    Fig.  92. 


Fia.  98. 


Let  ABy  BGy  be  two  grades  in  profile,  intersecting  at  station 
J5,  and  let  A  and  G  be  the  adjacent  stations.     It  is  required  \cv 
join  the  grades  b/a  vertical  curve  exteudmg  ixoxft.  A  X^  Ci. 
Appose  a  chord  drawn  from  A  to  C\ — ^t\\e  eVvi^aWokVi  oil  ^X^a 
niddle  point  of  the  chord  will  be  a  mean  ot  t\\<i  e\eN«iXAO\\A  <afL. 

"  BtAaad  C;  and  one  half  of  the  diffeTeiic»\>eX^«jft»^^ 


FIELD  ENOHTBBItlNa, 


jtf=|Bi_"^-'AT_»!^'l^  -grade  if 


Thus  Ihe  correction  aiA+23! 
iiA  +  75  ic  is  -ffM;  aud  the  eam^ 
the  other  aide  of  S.  The  correOn 
e  »ublraetive,  since  M  is  negaliyi 
I  poailive,  and  ttie  c 


n  which  ^  =  the  correction  in  gmde  for  the  point  B.     TtiA 
■Correction  for  any  otlier  point  ia  proportional  to  the  square  d 

9  distance  from  A  or  0.- 

%4i^;  at  ,4  +  50  it  is  iM: 

S  corresponding  points  in 

fona  in  the  case  shown  a 

Btiiiey  are  adiiitias  wlica  Mi 

:  corrections  are  madu  at  the  time  tlic  ci 
B  taken,  and  tbo  corrisctcd  grades  are  entered  in  tho  field 
■book  opposite  the  numbers  of  the  respective  atationa. 

237.   Form  of  Pield-liook.— A  complete  record  i^ 

s-aection   work    is    ke[it   in    the    cross-section   hotA 

P'On  the  left-hand  page  ia  recorded,  in  the  JiTil   column,  (] 

numbers  of  the  stations  and  other  poinis  where  sectio: 

are  taken ;  in  the  second,  the  elevations  of  those  points,  copid 

in  part  from  the  location  level-book,  htil  verified  or  ci 

at  the  time  the  section  is  taken ;  in  Vie  third,  the  elevation  d 

the  grade   for  the  same  points;  in  (hi  fewrth.   the  width  0 

base  b;  in  ihe  jiJXh,  the  slope  ratios,  »;  and  rra  the  tixth, 

surface  ratio  >'  when   uniform.     The  right-hand  page  has  i 

central  column,   in  which,   aud  opposite  the  number  of  tlH 

elation,  is  recorded   the  centre  depth  of  the  section,  i 

-j-  or  —  ,  to  indicate  cut  or  fill,  as  the  cuae  may  requirt 

To  the  right  of  this  are  recorded  the  notes  of  that  portion 

L        the  seclion  which  liea  on  the  right  of  the  centre  line,  as 

I       line  «,■«  run,  and  to  the  left,  the  notes  ot  the  left  side,    Tti 

I        distance  from  tbo  centre  to  each  point  noted  la  recorded  & 

the  nuuierator  of  a  fraction,   and  the  cut  or  fill  at  the  point 

as  the  clenominator,  prcfised  hy  a  -|-  or  —  as  the  case 

Fpqaire.     The  denominat«)r  for  a  graiie  point  is  zero, 

'lumbers  of  the  stations  shou\d  increaai:  Tip  V\ui  ^s^ge.  at 

tninsit  book,  fio  that  there  may  teno  wnWKwnaa'ui ft* 

and  left  aide   of  the  line.     The  Be'5CT0,V\iora\s\iei.w^'w 

order  aa  they  occur  from.  tb»  ceuWe  o\i\,-wai6a,^«ia 


itrke^ 
luir* 
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thest  from  the  centre  of  the  page  usually  appertain  to  the 
slope  stakes;  but  in  case  the  cross  profile  is  extended  beyond 
the  slope  stake,  the  note  of  the  latter  should  be  surrounded  by 
a  circle  to  distinguish  it.  The  following  form  is  a  specimen 
of  a  right-hand  page,  with  the  first  column  only  of  the  left- 
hand  page: 


Sta. 

Cross 

Sections. 

22.9      16.5       10         5 

0 

10         20         32 

65.6 

83 

-h8.6  +14  +17.7  +21 

+  21.5 

+20.8  +25.0  +28.3 

+50.4 

17.5       10         4 

0 

10         24       42.6 

4-60 

-1-  5.0  -f  10  -f  13.2 

+  14 

+14.7  +20.1  +21.7 

14.2       10 

0 

6          10       31.6 

82 

+  2.8  -f  5.4 

+  9.4 

+  8.5  +11.6  +14.4 

+  38 

10 
0 

0 

-f  2.8 

10        19.3 
+  3.8  +  0.2 

+  27 

0 

+  19 

21.7       7 
-  9.8-  5.0 

0 

-  4.7 

10 
0 

25.9       7 

0 

7          15 

81 

-12.0-11.2 

-  12 

-10.0  -  5.3 

33.4       7 

0 

7          18       25.6 

80 

-17.6-16.4 

-17.6 

-19.6  -19.1  -12.4 

238.  In  case  there  is  a  liability  to  land-slips,  the  profiles 
of  cross  sections  should  be  carried  bcj^o'nd  the  slope  stakes, 
on  the  upper  side  of  the  cut,  to  any  distance  thought  neces- 
sary to  reach  firm  ground,  and  stakes  driven  for  future  refer- 
ence. When  a  number  of  consecutive  cross  profiles  are  to  be 
considerably  extended,  it  is  well  to  first  run,  instrumentally, 
a  line  parallel  to  tbe  centre  line,  and  set  stakes  opposite  the 
stations,  taking  their  elevations.  The  intermediate  surface  of 
the  sections  may  then  be  taken  with  cross-section  rods  if  more 
convenient.     See  §37. 


239.  In  case  of  inaccessible  ^oundy  preventing  a 
regular  staking  out,  an  indefinite  profile  of  the  aeQ.l\ow  \xv^^ 
generally  be  obtained,  referred  to  the  datum  ioT  eVe^N^X^cyo.  ^\A 
to  tbe  centre  line  for  position,  which  being  pVotVc^  ox^.  ^xos.^- 
Mection  paper,  and  the  grade  hue  and  side  sVopea  ajaL^<a^,  ^\ion9% 
^Je  where  the  slope  stakes  should  be. 


340.  Aiijr  Isolated  mass  of  rock  or  eanii  vliicltj^ 
's  wUbm  tlio  limita  of  llie  slope  Btukea,  but  not  iucludeg 
the  regular  aolea,  is  sepurauly  measured  aud  noled,  e 
■ta  conUinU  muy  l>e  computud  and  added  lu  the  Bum 
eaiao  material  found  in  the  u 


241.  Borrow-pit9. — When  the  escavationa  will  Ij 
Bufflce  to  complete  tJie  embankmt^nts.  material  may  be  U 
from  otiier  localilii'S,  liTiucil  borrme-piis.  These  alinuld' 
staked  out  Ity  the  engineer  and  llieir  contents  catculatA 
.  to  be  paid  for  work  hy  ombankmi'nl 
A  imnibiT  of  cross  profiles  are  taken  of  tL« 
original  surface,  and  (on  the  same  liiiea)  of  tlie  bottom  of  tbe 
I  pit  after  it  is  excax-ated,  which  fumi»li  tbo  depth  of  cuttiug 
at  each  requirod  point,  Borrow-pits  should  l»e  regularly  es- 
{  cavated,  so  that  tiiey  may  not  present  an  uniiighliy  nppear- 
wlien  abandoned.  Borrow-pits  may  be  avoided  hy 
widening  tlie  cut  unifornily  at  the  time  it  is  slaked  out.  so 
'  tliat  il  may  furnish  Biitiicient  material;  proeiiled Ihe  materini 
s  suitable,  the  embankment  accesaible,  and  tlie  dlstanco  nul 
oo  great.  When  the  eiccavation  is  in  cxciiss,  the  surplus  ma- 
terial should  be  uniformly  distributed  by  widening  tbo  adja- 
cent embankments,  if  possible;  otherwise  it  is  deposited  lit 
convenient  places  indicated  by  the  engineer  and  is  said  lo  be 


242.  Shrinkngre. — In  estimating  the  relative  ai 
excavation  and  embankment  required,  allowance  m 
for  difference  in  the  spaces  occupied  by  the  material  bofor^ 
I   eavation  and  after  it  is  settled  in  eraliaukinent.    Thew 
[   earths  will  be  ware  compact  in  cmliankmcnt,  rock  le»i  so.    I 
erenee  in  volume  is  called  e/innka^  in 
vnm  in  Die  otlicr. 


Material. 

aand  and  gravel 80  C.  Yds.  87C.  Y^ 

Clay " 

Wet  sM'.'.''.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. 

Hock,  larstv  frii,::;nenl3. OdOC.  Yds.  875 C. Y^ 

uji-jiium  i^rugmeuls 'Vfs 


Thus,  an  cxca'&tion  of  sand  and  gravel  measuring  1000  culjic 
yards  will  form  only  about  930  cubic  ysirds  of  embankment;  or 
an  enxtiankment  of  1000  cubic  yurds  will  reiiuiro  1087  cubio 
jardsof  sand  or  gravel  measured  iaexcaTQLion  to  fill  it;  but  will 
require  only  587  cubic  yards  of  rock  excavation,  the  rock  being 
brobtn  into  medium-sized  fragments;  while  lOOO  cubic  yards 
of  the  latter,  measured  in  excavation,  will  form  1700  cubic 
yards  of  embankment. 

The  lineal  settlement  of  an  earth  embankment  will  be 
about  In  the  ratio  given  above,  therefore  the  contractor  should 
be  instructed  in  setting  hia  poles  to  guide  him  as  to  the  height 
of  grade  on  an  earth  embankment,  to  add  10  per  cent  (average) 
to  tlie  fill  marked  ou  the  slakes.  In  rock  embaakmonts  this 
ia  not  necessary.  Tlie  engineer  should  si>e  that  all  embank- 
ments are  made  full  width  at  first,  out  to  the  sUipe  stakes,  and 
by  measure  at  or  above  grade,  so  that  the  whole  may  settle  m 
a  compacl  muBs.  Additions  to  the  widtli  made  subsequently 
*re  likely  to  slide  oil. 


243.  The  croaa-section  notes  should  be  traced  in  ink  at  the 
first  opportunity  to  secure  their  permanence.  An  office  copy 
should  also  be  made  to  serve  in  case  of  loss  or  damage  to  the 
original. 

244.  Alteration  of  Line. — Inasmuch  as  the  centre  hne 
at  grade  is  the  base  of  reference  for  all  measurements  and  cal- 
wilationB  in  eartliwork,  any  change  made  in  it  after  the  work 
of  grading  Las  begun  shmil'l  hf.  moat  c^uefully  recorded  and 
iixithdned.  Tlie  centre  sliikcs  of  Uiu  old  line  should  bo  left 
sUinding  unlil  after  llie  i.uw  line  is  eslablibbi;d,  m>  Hint  the  per- 
iiendicular  offstt  from  liio  old  line  to  the  new,  at  ciich  stjiliuti, 
maybe  measured,  as  also  the  distance  that  Hie  new  slutiou  may 
be  in  advance  of,  orbi;liiiidlliuold  one.  The  cfafoot  the  change 
slimrld  bo  recorded.  The  original  cross  sections  are  extended 
siiy  nrnoimt  requisite,  the  distance  out  being  slill  reckoned  from 
till'  iihl  I'Buirc,  while  a  murgiual  nolo  slates  the  amount  by  wliicU 
tlic  lentre  ha«  been  shifted. 

The  difference  in  len^'lh  of  the  lineswillmB.YfiaXo'Q^OTwVoxX. 
stnlion  at  Ilia  point  of  closing.     Tlie  exn«t \«i\([,V\\  ftt  sv\A\  o 
M^iioa  should  be  recorded,  so  that  it  miiy  \«J   o\isiivsc4  uv  t« 
ncioff  the  liae  at  any  ijuie,  and  in  calculating  the  tiMaai\iW:3 


eurtliwork.  Tlio  oiigtnul  trn 
be  preserrecl,  but  marked  a; 
tbe  Qolea  of  Uiu  nuw  lino  ui 


titiiolea  tit  ItiQ  aliercd  line  abouli 
'  lUmuduued,"  with  a  reference  ii 
luolliiTpage, 


34tS.  Drains  aud  Culverts.— Tbe  engineer  should  cs 
ainiae  tbo  uiiLuro  iiiidextcut  of  c-acli  duprussiuD  in  llie  profik 
witb  refereucB  to  tlie  kiud  of  opening  required  for  tlie  pnssjigc 
of  water.  For  sniiill  spriugs,  and  fur  a  limited  Burfoce  of  rain- 
full,  cemotit  pipes,  in  Bizea  vaxjing  from  12  to  24  iucbea  tiiarDL'- 
ter,  servo  on  c.xculient  purpose  as  drains.  These  are  easily  laid 
down,  and  if  properly  bedded,  with  the  earlh  lamped  aboiil 
thum,  are  very  permanent;  but  their  upper  eurfikce  should  bv 
at  least  Zi  feet  below  grade.  The  embaukment  is  protected  si 
tbe  upper  end  of  the  dniin  by  a  bit  of  vertical  wall,  enclosiog 
the  end  of  tbo  pipe.     If  necessary,  a  paved  gutter  may  lend  'o 

Where  atone  abounds,  the  bed  of  a  dry  ravine  may  lie  parllj 
filled  with  loose  stonu,  extending  beyond  the  slopes  a  few  feci, 
which  will  prevent  the  accumuialioQ  of  wnter. 

u  the  tltiw  i>f  water  is  estimated  to  bo  too  great  for  two 
liaea  of  the  birgiist  cement  pipe,  or  when  the  cmbaukment  is 
too  sliallow  to  admit  tliem  safely,  a  culvert  is  required.  A 
pavement  ia  hud  oue  foot  thick,  protected  by  a  curb  of  slone 
ir  wood  3  feet  di'cp  at  each  end,  and  wide  enough  to  allow  tlio 
walla  tu  be  built  upon  it.  It  sbuuld  have  a  uniform  alope,  usu' 
ally  between  Ilio  Imiita  of  CO  to  I  and  100  lo  1  to  ensure  thi^ 
ready  How  of  waier,  lu  firm  soils  the  foundation  pit  ia  t^iea- 
valedoue  foot  below  the  bed  of  the  etream,  butif  mudisfouiiil 
it  be  removed  aud  tbe  s[nico  filled  with  riprap,  the  up- 
per course  of  which  ia  arranged  to  form  the  pavement  at  tlie 
proper  level.     In  a  V-shaped  ravine,  requiring  too  inuch  cs- 

Icavatiou  at  the  sides,  and  where  tliu  full  is  conaiderable,  rjpmp 
may  be  used  to  advantage,  the  bed  of  tbe  alream  above  i!ji 
culvert  being  graded  up  by  thesume  material  to  meet  tbep' 
ment.  In  some  cases  ik  curtain,  or  cross  wall,  la  necessary  i 
tlie  lower  end  to  retain  the  riprap. 
Culvei-ta  should  be  laid  out  at  right  angles  to  the  centrr  U-'--' 
vhenever  practicable,  the  bed  of  the  atream  being  allenni  i 
Tjecessary.  The  length  of  nn  open  culvert  is  the  entim  disUm';^ 
I/atween  slope  slakes,  the  wa\ls  being  parallel  t 
ha  length  mnj  be  taken  S(imo\v\iai\iieflViiQ.-n'L\u4,«»Aflj| 


I 


he  entim  disum"  ' 
el  throagbaajlfl 
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turned  at  ri^ht  angles  on  the  apper  end,  fomung  &  facing  to 
ihe  fool  of  lliu  slope.  Tht^  walls  are  carried  up  to  grade  for 
the  width  of  the  road-bed,  and  are  Blcpped  down  to  suit  the 
slopes.     A  coursi)  :s  afterwards  added  to  ret^n  Uie  ballast. 

In  box  culverts  the  spau  varies  from  3  to  S  feet,  the  height 
in  the  clear  from  2  lo  0  feet;  the  thtekness  of  walls  from  8  to 
4  feet:  the  thickness  of  eover  from  13  to  18  mclies,  and  its 
length  at  least  3  feet  greater  than  the  span.  The  walls  terminate 
in  short  head-walls  built  parallel  tu  the  centre  line,  the  top 
course  being  a  contiuiiation  of  lUe  cover.  The  length  of  a 
head-wall,  measured  on  the  outer  face,  is  equal  to  the  height  of 
the  culvert  in  the  clear  multiplied  by  the  slope  ratio  of  the 
embntikmeut.  The  perpendicular  distance  from  the  centre 
Une  t^i  the  face  of  a  head-wall  is  equal  to  one  half  the  road-bed, 
p/m  the  depth  of  the  tcp  of  ilie  wall  below  grade  multiplied  by 
tlie  slope  ratio,  or  ib  -{-  sk.     A  coping  is  somelimea  added. 

246.  Arcli  culverts  arc  used  when  tlie  span  required  is 
more  than  5  feet,  and  Ilie  embankment  too  high  to  warrant 
eariyiug  the  walls  up  lo  grade  as  an  open  culvert.  The  span 
varies  from  6  to  20  feet;  the  arch  is  a  semicircle,  the  thickness 
varying  ficm  10  or  13  inches  to  18  or  30  inches.  The  height 
oi  abutments  to  the  springing  Ime  varies  from  3  to  10  feet,  the 
thickness  at  the  sprmgiug  line  from  3  to  5  feet,  and  at  tbo  base 
trum  3  to  6  feet,  the  back  of  the  abutment  receiving  the  batter. 
The  foundations  are  laid  ttroader  and  deeper  tlian  ia  box  cul- 
verts, each  abutment  having  its  own  pit,  carried  to  any  depth 
found  necessary.  The  half  length  of  the  culvert  is  JA  -\-'k,  m 
whicli  k  la  the  depth  of  (he  c  ow  n  fif  h  arch  below  grade. 
The  abutments  are  carried  up  ha  I  way  f  om  the  spring  to  the 
level  ot  the  crown  ot  the  a  and  ence  sloped  off  toward 
tbc  crown.  The  face  wal  s  a  e  c  1  up  to  the  crown,  and 
toped.  The  wing  walls  and  a  an  anc  e  of  30'  with  Uio 
axis  of  the  culvert,  they  re  e  e  a  ba  o  the  face,  and  are 
stepped  (or  sloped)  down  o  su  he  embankment.  Tlieir 
tliirknesa,  at  the  base,  is  tbc  same  as  that  of  the  abutment;  at 
tlie  outer  end  3  feet.  They  stop  about  3  feet  slinrt  o!  the  foot 
of  Uie  slope.     Tbey  need  not  be  curved  la  plan. 

Any  stone  slnicture  of  dimensions  greater  ft»a.n  VViw.  ^N«tt, 
aitoi-e,  a-arcely  cornea  under  the  head  r>t  cvk\veTVB,  Ti&d.  a\iov^A- 
he  made  the  subject  of  a  special  deaiRti  by  the  enRWveet . 


>  ENGlNEEltlNG. 

247.  Staking  out  Fuundation  Pits.— For  bos 
culverts. — The  engineer  having  decided  upon  the  aizeof  cul- 
vert required,  inukes  a  diagram  of  it  in  plan,  on  a  page  of  his 
masonry  book,  recording  all  the  dimeusioDS,  sljitiug  tlie  bU- 
tioD  and  pluii  at  which  its  centre  is  token,  the  span  and  height 
of  tlie  opeaiog,  etc.  Ho  then  sels  the  transit  at  the  ccnl 
Fig.  93,  measures  the  augle  betwL'cn  the  centre  lino  and  axis, 


Ddf) 


fmaking  it  00°  if  praclicahlc) ;  on  the  asia  he  lays  off  the  di^ 
tances  to  the  ends  of  the  culvert  atid  drives  Btnkcs  tit  fiand  C 
Perpendicular  to  SO  be  iuya  off  the  hall  widths  of  the  pit,  a 
ting  atakea  at  B  and  E.  and  laying  of!  D^and  Eff  =  AS;  ai 
DO  and  BI  =  AO.  On  10  produced  he  lays  off  CJ=  ~ 
perpendicular  to  this  Jit  and  KL,  and  finds  the  Intersection 
O  and  H.    A  stake  is  driven  at  cacb  angle,  and  upon  it  1 

Ied  the  cut  required  to  reiich  the  assumed  level  for  11 
lation.  These  cuts  are  recorded  on  Uie  correspondii; 
a  of  llio  diagram.  The  pit  is  thus  no  larger  thantl 
of  the  proposed  masonry,  and  Llic  sides  are  vertical,  wliic^ 
are  the  purpose  for  shallow  pits, 
r 
.....      >■ 


>r  arch  ciitvcrts, — The  pit  for  each  abutment  wht 
•Hoar  may  be  of  the  same  dimena\onaaa\.\\Q\<i"«i 
"oq  course  -.  if  mora  than  five  teel  deepA^. 


h- 


"  oxira  apace  of  oue  foot  all  aiounO..  \nT\?,.»Vlto\i 
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lines  show  the  plan  of  the  abutments  at  the  neat-lines ;  the 
outside  lines  represent  the  pits.  Having  prepared  a  plan  of 
the  structure  suited  to  the  locality,  and  made  a  diagram  of 
the  same  in  the  masonry  book,  set  the  transit  at  Ay  and  drive 
stakes  at  D,  E^  N  and  0  on  the  centre  line.  Then  turning  to 
the  axis  BG,  lay  off  AG,  and  set  stakes  at  G  and  /.  With  G 
as  a  centre,  and  a  radius  equal  to  ^DE,  describe  on  the  ground 


N! 


I 

. — Aj .,.-: 


or 


Fio.  04. 


an  arc  cutting  EI  in  X  or  (IX  =  BE ,  cot  80°)  may  be  calcu- 
lated; and  on  XG  produced  lay  off  GK,  and  perpendicular  to 
this,  KL,  From  N  lay  off  NPy  parallel  to  -4C7,  and  measure 
PL  as  a  check.  Drive  a  stake  at  each  angle,  marked  with  the 
proper  cutting,  and  record  the  same  on  the  diagram.  The 
locality  may  require  the  wings  to  be  of  different  lengths  and 
angles,  of  which  the  engineer  will  judge.  Guard-plugs  should 
be  driven  m  line  with  the  intended  face  of  one  or  both  abut- 
ments, so  that  the  neat-lines  can  be  readily  given  when  re- 
quired. In  case  the  material  is  not  likely  to  stand  vertically, 
the  pit  must  be  staked  out  with  sloping  sides,  as  described 
below. 

For  brldgre  abutments.— A  design  for  every  impor- 
tant structure  Is  usually  prepared  in  the  office  after  a  survey 
of  the  site.  The  foundation  pit  is  then  laid  out  from  diraen- 
sions  furnished  on  a  tracing,  but  a  diagram  of  the  v^l  %\io\3L\j5L\:tfc 
made  In  the  masonry  book  as  usual  When  the  bridge  i»  ou  a  Xart^- 
^mi.  Fig.  95,  set  the  transit  at  A  on  the  cenUe  Wne  «A.\\»\siN«^ 
socman  with  the  axis  BCof  the  abutmeutattlie  Iwoelof  th*  «fta*' 


I . 
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Deflect  from  the  tangent  the  angle  giving  the  direction  of  BC, 
mid  lay  oS  AC.  AD,  selting  plugs  iit  B  ntid  V,  and  reference 
plugs  (two  on  etteh  aide)  ou  BC  produced.  Aiter  staking  out 
rile  Hides  of  the  pil  parallel  to  BG,  set  the  transit  at  ( 
deflect  the  angle  for  the  wing,  laying  off  CD,  and  driving 
stakes  at  the  corners  if  and  F.  Two  reference  points  a 
then  set  ou  the  line  CD  producid.    The  other  wing  being 


*  Staked  out  in  tlic  same  manner,  the  cut  is  found  at  each  Btake 
and  marked  and  recorded,  (.'ross  seetions  arc  then  taken  u 
each  corner,  perpendicular  to  each  Bide,  aud  slope  stakes 
(marked  "  slope")  are  driven  where  the  slope  runs  out  Inter- 
mediate sections  are  taken  when  the  unevenness  of  the  ground: 
makes  it  necessary,  aud  the  Hues  joining  the  slope  stak^  ars- 
produced  to  intersect,  and  other  stakes  are  driven  at  the  interii 
BGCtiouB.  The  position  of  each  stake  is  shown  on  the  diagram, 
and  the  cut  recorded. 

A  slope  of  I  to  1  is  usually  sufBcient  for  pits.    If  the  material 
will  not  stand  at  li^  to  1,  or  if  space  cannot  be  spared  for  llw 

I   slope,  the  sides  may  bo  carried  down  vertically,  supported  by 
sheet  piling  braced  from  within. 
The  reference  points  should  be  so  chosen  that  tlie  points  A, 
■B  and  G  may  be  found  by  intersection,  on  any  course  of  thft 
Oiasonry,  during  the  progress  of  construclion 
When  tlie  britl^e  is  on  a  ciirvp,  the  bridge-cIiorA 
should  he  fitand  and  the  abutments  laid  out  from  this.  Fig, «; 
l^bo  bridge-chord  ia  a  line  AB,  mii'wivY  ijeWiewi  V\to  c\uiTd  0 
^I'e  curve  CD,  Joining  the  centres  o£  tl»eobnWnft'tt\a. «*.».« 
S^oi  to  the  curve  at  the  midd\e  poVwX  ot  tt«8\«a.  "" 


CA  =  DB  =  iify,  wliicb  may  be  laid  off.  and  A  and  L 
J    tbe  true  ceotres  of  tlic  abutmeois,  frum  wliicb  tbe  fouiiilationB 
I     ore  Htaked  out  as  before. 

f       Tha  distance  CE  =  DP  to  tbc  poiuta  where  the  bridge-chord 

L     cuts  the  curve  is  0.U7CD. 

^^  Sbould  an  abutment  site  on  a  curre  be  inaccessible,  as  when 

1 

under  ■water,  from  any  tran  sit  point  Pon  tlie  curve  lay  oSPX 
perpeudicular  to  tile  tangent  at  M,  obiierviiig  that 


FlQ.  M. 


=  MQ-AC=Jl  (vm-f  PM-ivers  CM) 
AX=  PQ  -  iAB  =  R{,dnPM-  iCB) 


^^E^^  point  A  may  then  lie  found  byintersnclion,  or  by  direct 
measurement  with  a  steel  tape  or  wire,  driving  a  long  stout 
stake  to  show  the  point  above  ilie  water.  Oilier  points  may 
then  l>e  approjtironU'iy  foun<],  sufficient  lo  begin  operation 
In  case  of  a  bridge  of  several  spans,  the  piera  are  laid  oi 
tlic  same  manner,  from  a  centre  point  and  axis.  If  on  a  ci 
each  span  has  its  own  bridge-chord,  but  for  convenience,  the 
centre  of  a  pier  may  l>c  taken  on  the  centre  lla«dvu\u^S\&>» 
etnictlon,  and  the  lirirfge-chord  only  f  oimd  lot  Wtfs  y^hv^sk.  « 
placing  Ute  bridge;  the  jjiera  beingloT\g  eaou^  \o  sAVi-w  o\* 
shift 


To  locate  tlie  centres  of  piers,  a  base  line  Is  i 
quired  on  one  or  both  slinrcs,  and  two  trHnails  are  used  to  gMl 
theinterapclicma  by  ciilpuluted  iinglcs.    When  praoticable  Uie 
spans  Bliould  ol&o  bu  niLtisurcd  with  a  steel  tape  or  -wire. 

The  l>cd  of  a  pit  for  uny  sort  of  structure  should 
receive  the  closest  scruliuy  of  the  engineer,  it  being  his  duly 
to  Judge  wbnther  the  nuiteriiil  will  resist  tlie  loud  to  Ira  ini 
posed  upon  It.  A  pit  may  require  to  be  excavated  to  a  greater 
depth  thnn  first  ordered,  while  sometimes  a  less  deplh  will 
auBwcr,  as  when  Boiid  rock  is  found.  When  a  good  matcriiil 
\a  reached,  if  any  doubt  exist  as  to  its  thickness,  or  as  to  tlic 
character  of  the  uDderlyicg  stratum,  borings  should  be  made 
or  sounding  rods  driven  down.  Piles  may  be  driven  lo  gain 
the  requisite  firmness,  and  a  layer  of  riprap,  of  belon.  or  of 
timber  m.iy  be  used  to  alTord  a  uniform  bearing.  When  satis- 
fled  of  the  stability  of  the  bed,  the  engineer  finds  the  original 
—  centres,  and  gives  points  for  the  courses  of  masonij.  A.  com- 
plete record  is  kept  of  tlie  amount  and  kind  of  excavation,  the 
materials  used  in  foundation  under  the  masonry,  and  of  the 
Rize  and  thickncns  of  each  foundation  course  of  masonry;  the 
notes  should  be  taken  at  the  time  the  work  is  done,  it  being 
generally  ImpossiLile  to  take  measurements  llieroafter. 

248.  Cattle-gnards  are  eliallow  pits  placed  at  right 
angles  across  the  road  at  the  fence  lines  to  prevent  the  poBsage 
of  cattle.  They  are  either  entirely  open,  in  wliich  cnse  they 
should  be  at  least  4  feet  deep,  or  they  aro  covered  in  part  'witll 
wooden  rails  laid  a  few  inches  apart.  The  open  guard  Is 
preferred.  It  is  built  like  an  open  culvert  except  that  no 
pavement  is  required.  Tlie  stringers  tarrying  the  rails  over 
any  opening  should  be  no  longer  Uion  the  span  pitig  the  thick- 
ness of  11  le  walla. 

249.  Trestle  Work. — No  wooden  culverts  should  ever 
boused.  If  stone  cnnnotlie  had  at  first,  two  trestle  I)ent3  may 
be  erected,  leaving  between  them  n  space  Bufflclent  to  ei 
the  stone  structure  to  be  built  when  the  male  rial  for  i1 
brought  by  rail.  Tbc  bents  may  ira  backed  by  plank  to  reUlo 
the  emiiaokment,  and  the  stringers  are  then  notched  down  H 
Inch  on  tlie  caps  lo  receive  the  pressure  of  the  eartli,  i 

render  the  bents  mutually  Bustsji^ng.    'i^\\e  »i.lU  u.re  prerentd 
fivm  yielding  to  tlie  pressure  ol  Vho  ear'Lh.  \i^  \ife\ai£  w  ^ 


a  Ircnch,  or  hj  sheet  piling.  BliouUl  the  span  be  too  long,  & 
ceDlraJ  benL  may  be  uaed,  so  as  not  to  interfere  with  building 
tlie  wall.  SomcLimes  plle-bcuts  may  be  used  with  greater 
vantage,  the  pilea  being  driven  iu  rows  of  four  eocli,  aod  cap- 
ped to  receive  llic  slringers.  In  diBlricla  where  suitable  stoi 
is  entirely  waiiliap,  pile  or  trestle  abutments  atid  pierti  a 
used  for  llic  support  of  bridges,  the  piles  or  poeta  being 
arranged  iu  groups  and  capped  to  receive  the  direet  weight  of 
the  trusses.  Thuy  should  not  sustaiu  the  embauknient,  but 
should  be  connected  wiUiil  by  a  short  trestle  work. 

Trestle  work  is  frequently  used  as  a  substitute  for  embank- 
ment, dther  to  lessen  the  first  cost,  or  to  hasten  the  completion 
of  the  line,  or  for  lack  of  euitiiblo  material  with  which  to  form 
an  cmlmnkmenl.  The  coat  of  trestle  work,  however,  ia 
IcsH  than  lliut  of  an  earth  embankment  formed  from  borrow 
pits,  unless  its  height  exceeds  about  15  feet,  depending  on 
relative  prices  of  materials  and  labor.  When  not  eKceeding  SO 
feet  In  height,  the  bents,  for  single  track,  are  usually  composed 
of  two  posts,  a  cap  aodsitl,  each  13  X  13,  and  twobatterposts, 
10  X  13,  inclined  at  ilh  to  1,  all  framed  logellier.  Two  lengllis 
of  3-inch  plank  are  spiked  on  dia^nally  on  opposite  sides  of 
the  bent  as  braces.  The  lengtli  of  tiie  caps  should  equal  the 
width  of  the  embankment;  the  posts  should  be  5  feet  from 
centre  to  centre,  and  the  batter  posts  2  tuct  from  the  posts  al 
Ilia  cap.  The  sill  should  extend  about  two  feet  beyond  the 
foiit  of  the  batter  post.  A  masonry  foundation  for  the  bent  ia 
preferable,  though  pile  foundulions  are  not  uncommpn,  and 
some  temporary  strnctures  are  placed  directly  on  a  firm,  soil, 
sttpporled  only  by  mudsiEa  laid  crosswise  under  the  sill.  The 
spaDH,  or  distance  between  bents,  may  vary  from  12  to  16  feet. 
The  stringers  should  consist  of  4  pieces,  3  under  cacli  rail, 
bolted  together,  with  packing  blocks  to  Heparnte  tliem  2  or  8 
inches.  Over  each  bent  and  at  the  centre  of  each  span  a  piiice 
of  thick  plonk  about  4  feet  long  should  be  placed  on  edge 
liotween  the  two  puir  of  l}eamB  to  preserve  the  proper  distance  ' 
between  them,  while  rods  pass  through  the  beams  and  strain 
them  up  to  the  ends  of  the  plank,  to  increase  the  stability  of  the 
bctnms  and  prevent  their  buckling  under  a  load.  The  string- 
ers slioiild  be  al'h  to  carry  safely  the  beimcA  \wii  -wX^vaoS. 
/•nic;D^aya/uBt  (he  posts.  The  IjcqU.  lio-vtevcT.^^ '^"■^-■^  "^ 
';-■  braced  against  each  other.      The  BUrmgCTa  AxwWi  "V> 


tinuooB,  tQe  two  pieces  breaking  Joints  ivilli  each  other  at  tl 
bents,  to  which  they  are  firmly  bolted.  They  may  rest  directlj 
on  the  caps,  or  corbels  roay  intervene.  Tlie  spans  o 
should  be  shorter  than  on  a  tangenL  Tlie  lies  ehoulil  b 
notched  down  to  fit  the  Btringers  closely,  and  guard  rails,  either 
wood  or  iroQ,  secured  lo  them  fimily.  Unless  the  a 
very  short,  horizontal  bracing  should  be  employed  c 
of  3-iucli  plank,  extending  trora  the  centre  of  ciich  span  lo  tli^ 
ends  of  the  caps,  which  are  notched  down  to  receive  the  planlb 

For  trestles  much  higher  than  30  feet  tlie  cluster  bent  ii 
preferable,  so  termed  because  each  vertical  post  is  composed  (ri 
a  cluster  of  four  pieces,  8X8,  standing  a  lilllc  apart  t( 
the  horizontal  members  to  pass  between  tliem.  The  verticali 
are  continuous,  breaking  joints,  two  and  two,  while  the  Loif- 
zontais  pass  the  posts  and  are  bulled  to  them  at  the  jointJJi  tlM 
framing  is  accompliHlied  entirely  by  packing  blocks  nndbolt% 
The  batter  posts  consist  each  of  two  pieces  8X8;  tlie  horiEOib 
tola  may  be  4  x  10,  and  extend  uut  only  across  Ilio  bent,  I 
from  ouo  bent  to  another.    Proper  bracing  la  also  uscl  in  eve 

direction.     When  very  iiigb,  a  secondary  pair  of  batter  p      

may  bo  introduced  in  the  lower  pari  of  tlio  structure.  Tl^ 
baiter  need  not  exceed  Jth  to  1.  In  some  instances  two  ad joi: 
ing  bents  are  strongly  braced  together,  forralng  a  lower  or  piofj 
and  the  piers  placed  from  60  to  100  feet  apart,  tlie  roadwq 
being  carried  on  trussed  bridges.  The  cluster  bent  admits  oti 
any  piece  being  removed  and  a  new  one  inserted  when  n 
sary. 

Iron  trestles  are  now  adopted  where  a  permanent  atruc? 
ture  is  desired.  Owing  to  the  expansion  of  the  metal  by  hca^ 
the  bents  cannot  be  continuously  connected  with  ciich  other  nt 
in  a  wooden  trestle;  hence  the  pier  form  is  resorted  to,  havlQ( 
k  jipana  varyiug  from  30  to  150  feet,  cuvereil  by  tru.ssed  bridgcaj 
Kid  the  whole  structure  is  more  properly  styled  a  viaducL 

lS50.  Tunnels.    Tunnels  are  adopted  in  certain  cases 
e  excavations,  steep  grades,  hij;li  Eummita,  ai 
ultous  routes.     Their  disadvantages  arc  the  increased  til 
Pcosto/their  construction  compared  with  an  open  line,  &i 
b-Iaek  of  light  and  fresh  air  when  ia  uae.    W  Vi  deairabl 
^t  tlicjr sboaUl  be  oa  a  tangent  t\iioug\iQU.\,.\iQV"ttlaiftui 
rfissioa  of  light  and  for    conveniBQcei  ot  aWsnmttcV    1 


humels,  liowevci,  Lave  been  built  willi  a  turvu  at  one  or  bolh 

Tlie  location  of  a  tunnel,  otberUiiags  being  etiual,  should 
be  gucb.  aa  to  mulce  not  nuly  the  tunnel  proper,  hut  also  its  im- 
mediate approacliea  by  open  tut  as  short  as  iHFMible;  and  the 
lultvr  should  bo  selected  so  as  not  to  lie  subji^ct  to  overflow, 
nor  liable  to  land  slides]  The  raulerial  to  be  encountered  maj 
frequently  be  deterniiiied  with  tolerable  accuracy  by  a  study 
of  the  geological  fornintion  iu  thovieinlty,  or  by  actual  borings. 
The  most  favorable  nialerial  for  tuucclling  is  a  homogeneous 
Belt-supporting  rock,  devoid  of  springs,  wtiicli  does  not  disia- 
tegrate  on  enposure  lo  the  atmosphere.  The  worst  materials 
are  eaturaled  earth  and  quicksaDils.  Tlie  presence  of  water  in 
liny  material  increases  the  cost  considerably. 

Tbe  ali^nmeut  of  a  tunnel  is  made  the  subject  of  special 
survey,  afler  the  general  location  is  decided,  and  tliis  is  more 
or  less  elaborate  according  to  the  length  of  tunnel.  A  perma- 
&eat  BtalioD  is  ostablislicd  at  the  liiglicst,  point  crossed  by  the 
tannel  tiuigc>nt,  from  wliicb,  if  possible,  monuments  are  set  in 
each  dlrectioQ  at  points  beyond  the  ends  of  the  tunnel.  If 
there  are  two  principal  summits,  stations  on  these  will  deflae 
the  tangent,  which  may  then  be  produced.  The  monuments 
BBtablisbed  beyond  the  tuiinel  should  be  sufflcieatly  distant  to 
aSord  a  perfect  backsight  from  tbe  ends  of  the  tunnel,  where 
other  monuineuis  are  also  established.  Tlte  first  quality  of  in- 
struments only  ahould  be  used,  and  these  perfectly  adjusted, 
and  tlio  observations  should  be  repeated  many  timeu  until  it  is 
certain  tliat  all  perceptible  errors  are  eliminated.  Biuco  the 
line  of  collimation  will  l>c  fi-equenlly  utclined  to  the  horizon 
at  a  considerable  angle,  it  is  miportant  that  it  should  revolva 
iu  a  vertical  plane;  and  lo  secure  this,  a  sensitive  bubble  tube 
slioiild  be  Bttaclicd  to  the  horizontal  axis,  at  right  angles  to  the 
telescope  of  the  traosit.  The  distance  may  be  obtained  by  tri- 
angulalion,  though  direct  measurement  is  to  be  preferred.  A 
steel  tape  ia  convenient  and  accurate,  providing  that  allowance 
be  made  for  variations  due  (o  temperature,  from  an  assumed 
standard.     The  rods  described  in  ^  43  may  be  used  instead  of 


Xont  Csnln  tunnel,  requiring  a.  curve  lA  eacti  en4,  ■«*»  *«* 
•a  <fta  tangent  produced,  giving  a  atm^gW.'ttiiattiiwia^s »»&■■*■>] 

rm  excavated  subsequently.  1^ 
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iem,  and  I 
2I1  rod  tti « 


pltimb  lines,  the  tape  being  beH  at  right  angles  to  tiiem, 
therefore  horizontal.     A  plug  bIiouIcI  bo  driven  for  each  rod 
stand  OQ,  fiad  a  CL'ntro  sut  to  indicate  tlio  Hue  and 

Aa  tlie  excavation  of  tlie  tunnel  proceeds,  tlie  centre  line  is 
given  at  short  intervals  by  points  either  on  the  floor  or  roof. 
Overhead  points  ara  genei'ally  preferred,  from  which  short 
plumb  lines  may  be  hung,  constantly  indicating  the  line,  willi 
little  danger  of  being  disturbed.  When  a  new  transit  point  i^ 
required  in  the  tunnel,  it  should  be  established  directly  under 
an  overhead  point,  which  serves  as  a  check  upon  its  perma- 
nence, and  OS  a  backsight  when  needed. 

Shnfts  are  aometimea  opened  to  give  access  to  several  poinla 
of  the  tunnel  at  the  same  time,  thus  facilitating  the  work,  thougk 
at  an  increased  cost.  They  also  serve  for  ventilation  duiiDg  Uu 
progress  of  the  work,  though  they  are  worse  than  useless  foE 
this  purpose  afterward,  except  possibly  in  the  case  of  a  single 
shaft  near  thn  centre  of  the  tunnel.  Bomc  of  the  longest  tun- 
nels have  been  formed  without  shafls,  while  manyshorter  ones 
have  had  several,  which  have  generally  been  closed  after  the 
tunnel  was  completed.  Shafts  are  either  vortical,  inclined,  or 
nearly  horizon  tal :  in  the  latter  case  they  are  called  adits.  In- 
chned  shafts  should  make  an  angle  of  at  lc:ist  60°  with  the  ver- 
tical. Vertical  shafts  may  be  either  reclaagular,  round,  ot 
oval.  Their  dimensions  vary,  depending  on  their  depth 
the  material  encountered,  bet wcr:n  S  and  2S  feet.  TheyMH 
usually  Bunk  on  the  centre  line  of  the  tunnel,  though 
times  at  one  side.  When  over  the  tunnel  the  alignment  belt 
is  obtuned  directly  from  two  plumb  Hues  of  fine  wire  suspent 
on  opposite  sides  of  the  shaft  from  points  very  carefully  dc 
mined  at  the  surface.     The  plummets  are  suspended 

^lessen  their  vibrations,  and  as  soon  as  the  transit  can  lie 
t  a  BulflcienC  distance  to  bring  the  lines  into  focus,  it' 

Kfted  by  trial  into  exact  line  with  the  mean  of  their  oscil 
.,  the  latter  Iwing  very  limited.    Permanent  points 
B  be  set,  but  should  be  repeatedly  verified.    As  soon  aa  the 
'Icings  from  a  shaft  communicate  with  those  from  either 
*  from   another  shaft,  Vaa  aUgcment  thus  found  is 

[fed,  aad  reviaed  if  necessary.    TUcae  opetatiDnaTtpfn.tfeG* 

Meat  nicety  of  ohservation  and  delic»cj  ol  m»mvw^MiaB>y 

"a  aaasfactory  results. 


!Fpom  plumb  lines  in  tlie  central  shaft  of  the  noosac  tnooel, 
tlie  line  waa  produced  tlirce  tenths  of  a  mile,  aud  met  the  llae 
produced  2. 1  miles  from  the  west  eud  with  an  error  in  offset 
of  Ave  sistueDtbs  of  an  inch.  In  the  Mont  Ccnia  tunnel  the 
linos  met  from  oppoBite  ends  with  "  no  appreciable"  (irror  in 
alignment,  while  the  error  in  measurement  viaa  about  45  feet 
in  a  total  length  of  7.6  miles. 

When  a  curve  occurs  in  a.  tunnel  it  la  usually  near  one 
end.  The  tunnel  tangent  la  produced  and  established  as 
before  described,  and  a  second  tangent  from  some  point  on  the 
curve  outside  the  tunnel  is  produced  lo  inlersect  11,  the  inter- 
aection  being  precisely  determined  and  the  angle  measured 
with  many  repetitions.  The  tangent  distances  are  then  calcu- 
lattsd.  and  the  position  of  the  tangent  points  corrected  by 
precise  measurements,  and  permanent  monumenla  arc  cstab- 
lislled.  As  the  tunnel  advances,  points  may  bo  set  at  short 
intervals  on  the  curve  in  the  usual  manner;  but  at  intervala 
of  100  feet  the  regular  stations  should  be  defined  with  finely 
oeittred  monuments,  using  a  lOO-foot  steel  tape  carefully  sup- 
porl«d  in  a  horizontal  position.  When  it  is  necessary  to  use  a 
subctaord,  its  ejract  length  should  be  calcuhiied  as  sbowu  In 
§107.  When  the  curve  has  advanced  so  far  as  lo  render  anew 
transit  point  necessary,  this  should  be  established  at  n,  full 
trtatlon.  The  subtangents  from  the  two  transit  points  should 
thou  be  produced  to  iotersecl.  and  measured  for  equality  with 
ciicli  other  and  with  their  calculated  length.  The  distance 
from  their  intersection  to  the  middlu  of  the  long  chord  should 
also  be  measured  as  a  check  on  Ihe  deflections.  When  no 
perceptible  errors  remain,  tlie  curve  may  be  produced  as 
before  until  the  P.  T.  is  reached.  It  is  evident  that  correct 
measure  is  indispensable  to  correct  alignment  on  curves. 
Should  obstacles  on  the  surface  necessitate  tri angulation,  more 
than  ordinary  care  must  be  exercised,  and  as  niany  checks 
introduced  as  possible.  The  triangles  should  be  so  arranged 
that  all  of  the  angles  and  most  of  the  aides  may  be  measured. 

Teat  levels  are  carried  over  the   surface  with  great  care, 
each  turning  point  being  made  a  permanent  bench,  and  its 
I'levation   delermined   with   a  probaWe   crcoT  twA  ei<ay3SvMt 
0.005 foot.    Leve]smnjhe  carried  do-wn  a  abaiv.  oii *  ea't^^'' **    _ 
/'oliK  or  spikes  atmut   13  feet  npart  in  l\\e  sn.inB"etl\<iai.'*»«^ 
'III-  dlstiujcea  being  meaaiirert  Ijy  ttie  same  XevtV-roi  aa  "^^m 

1  M 


Wili  wliicL.  tho  benclies  are  delermined.  The  d 
1^  tAken  bstweuD  two  grailualiuna  of  tho  roii,  not  UBing  d)| 
pad  of  tlie  rod,  which  may  be  slightly  worn.  Fine  lioriKoiitt| 
n  Ihe  licoda  of  tlie  bolls  may  be  used  to  mark  the  exaq 
distaaccB.  After  the  BliafC  reaches  the  level  of  the  tunnel,  tl^ 
(leplh  may  be  meaaiired  more  directly  with  a.  sleol  tape,  Al 
entire  length  of  which  hits  been  correoud  at  Ihe  given  telg 
■fnraturo,  by  comparison  with  the  same  rod.  ' 

If  the  grade  of  a  tunnel  is  to  be  continuous,  it  siioul^ 
Iw  asflutned  ot  something  less  t)iau  the  tnaximum  of  the  ro«^ 
less  than  0.10  per  station,  which  is  required  ttH 
drainage.  If  a  sumniit  is  to  be  made  io  the  tunnel,  the  gro^ 
from  tho  upper  end  should  not  exceed  0.10  per  station 
Grades  are  given  in  tlio  turniul  from  day  to  day,  or  as  often  t 
required  by  tho  progress  of  the  work,  tho  marks  being  n 

les  at  some  arbitrary  distauce  above  grade.     Turaia 
.points  should  be  taken  on  permanent  benches. 

The  least  w^idtb  of  a  tunnel  in  the  clear  should  be,  tt 
idnglo  truck  about  15  feet,  and  for  double  track  3G  feet. 
least  hcig'lit  in  the  clear  above  the  tie  should  bo  18.G  ffli 
ior  single  track,  and  18.5  feet  at  the  outside  rails  for  douU 
ittack,  allowing  for  tie  and  liallasti  the  roof  ai 
.KCtion  should  be  at  least  SO  feet  above  subgrode,  and  withi 
&1I  centred  arch  22  or  33  feet  for  double  track.  The  tovj 
a  depends  somewhat  on  the  matci'inl  traversed.  ] 
perfectly  solid  rock  a  nearly  rectangular  Ecction  may  be  usd 
.the  roof  being  slightly  rounded.  In  dry  clay,  and  straU^I 
.rock,  a  flat  areh  may  be  used,  and  in  oLher  cases  a  full-centn 
arch.  The  latter  form  is  rather  to  be  preferred  on  account 
the  better  venlilalion  afforded.  Tlie  sidua  are  made  t 
battered  or  curved,  as  necessity  or  taste  may  dictate. 
ind  iiilirm  soil  an  invert  floor  may  be  required,  oUierwiM, 
B  made  level  transversely.  When  a  lining  is  required  t 
^innl  section  must  of  course  be  made  large  eootq^  , 
V  for  tlie  masonry,  and  the  temporary  timber  suppot 
nd  it.  Hard  burned  brick  is  usually  adopted  for  archh) 
g  durable  and  easily  bandied.  In  loose  rock  the  archil 
'Ay  be  from  13  to  20  inches  UivcU,  \n  wet  and  yielding  w' 
'ctnejM  of  from  2I>  to  39  inches  trva^  'Vii  ■nepsssa.T's. 

tHa  may  be  from  2i  to  6  feet  U\icV.. 
^B  farming  a  lunuol,   a  lieatLlTig  ot  aslNen  **^  ' 


W    cross  section  is  Ural  driven  and  afterwards  enlarged  to  the 

ifuU  size  required.  In  tirin  cluy  or  loose  rocb  which  will  tem- 
porarily support  itself  until  tlie  masonry  can  be  put  in,  it  ia 
better  to  drive  llic  huudliig  along  Uie  Qoor  (at  aubgrude)  of  tho  ' 
tnnael,  the  remaining  material  being  then  easily  tliniwn  down 
in  sections  as  tlie  arching  ia  advanced.  Ia  solid  rock,  or  wet 
earth,  a  lop-heading  (along  (lie  roof)  is  geueraliy  preferred. 
The  diroensiona  of  a  heading  driven  by  hand  arc  usually  8  feet 
I  high  by  8  or  10  feet  wide,  but  in  solid  rock  where  drilling 
machinery  is  Introduced,  it  is  advantageoiia  to  make  the  head- 
ing as  wide  as  llie  tunnel  at  once.  By  drilling  boles  into  tho 
Ifoce  at  points  about  five  feet  each  side  of  tho  ccnire,  and  c 
verging  on  tbe  centre  line  at  a  depth  of  about  ten  feet,  a 
angular  mass  of  roct;  may  be  blown  out,  and  the  space  thus 
gained  facilitates  the  blasting  of  the  adjacent  rock  on  either 
(side.  An  advance  of  about  10  feet  in  c:kch  day  of  &4  working 
hours  may  thus  be  made,  using  nitroglycerine  In  some  form 
as  the  explosive  agent.  Owing,  however,  to  unavoidable 
Idtelays  from  various  causes,  this  rate  of  progress  cannot 
«hvajB  be  maintained.  At  the  Hoobbc  tunnel  tho  greateat 
advance  in  one  week  was  SO  feet;  in  one  month  184  feet  al 
one  heading.  At  the  Musconctcong  tunnel  a  heading  8  x  33 
feet  in  syenitlc  gneiss  was  advanced  at  the  average  rate 
137  feet  per  mouiU  for  6  months,  tlie  mnximum  being  144  feet 
— the  enlargement  of  the  tunnel  to  full  size  going  on  at 
same  tine,  a  few  hundred  feet  behind.  At  the  St.  Gothard 
tunue!  the  north  heading  2.5  X  3  metres  was  advanced  i 
mica  gneiss,  during  the  year  1875  at  the  average  daily  rate  of 
8.71  metres,  with  a  maximum  of  about  4  metres,  but  tbe  e 
Inrgement  was  not  made.  The  south  heading  advanced  at 
the  rate  of  2  metres  a  day,  tliT>ber!ng  being  at  timea  necessary. 
In  ordinary  clay  a  heading  may  bo  drivou  at  from  75  to  180 
ft.  per  monlh.  acfiording  to  circumstances,  where  timberingis 
put  in.  The  enlargement,  including  timbering  and  masonry, 
may  be  advanced  tt  from  20  to  60  ft.  per  montli.  Small  tun- 
nels for  wntcr  conduits  are  driven  through  dry  clay  at  the  rata 
of  10  ft,  per  day,  llie  masonry  following  at  once  without  tim- 
bering. 

The  compressed  air  used  to  drwelho  AT\\\\:tv6"a»R\*i\«" 
^rres  to  sapplj-  ventilation  also.  "Wiion.  ttua  \a  -WMilCvii^ 
proves  insufflc/ent,  exhaust  fans  are  used.     fcAHto^'^  C.««a^ 


LuTi»)ntAl  brattiti  or  partitioa  wiis  built  in  the  tunnel,  dividiog;] 
it  80  as  to  sceure  &  cireulaLioQ  of  air.    When  foul  gaaea  arc  e: 
countered,  vnatilalion  tecomcs  a  Eerioua  question,  and  ill  01 
institucQ  fiu  importuDt  work  waa  nbaudoned  for  Uiia  cause. 

Cross  sectitiU!«  of  Uio  heading,  and  alao  of  Uie  tunnel  oi 
largemeot,  should  be  measured  at  intcrvala  of  about  20  feet,  ai 
soon  as  opened,  to  see  that  the  aides,  roof,  and  floor  are  taken 
out  to  the  prcscrilied  lines,  at  the  same  time  that  the  latter  are 
ext^eedcd  as  little  va  possible.  In  solid  rock,  eince  some  ma- 
terial outside  of  tlio  true  section  will  necessarily  he  thrown 
down,  leaving  an  irregidir  outline,  it  is  well  to  take  two  cross 
sections  at  the  e.imQ  puint,  one  following  the  projections  and 
the  other  the  recesses  of  the  rock,  from  which  an  average  sec- 
lion  may  be  estimated.  A  dally,  or  at  least  a  weekly,  record 
of  operalions  should  bo  kept  in  tabular  form,  and  the  progress 
indiuitcdbya  profile  and  cross  sections  drawn  on  a  sufficiently 
large  scale  to  show  details. 

The  draiuuge  of  a  tunnel  is  best  secured  hy  a  line  of 
stoneware  or  cemual  pipe  laid  in  a  trench  alon^  each  side,  and 
covered  with  ballast  or  other  loose  material.  The  entire  floor 
is  thus  made  availahle  for  the  use  of  the  trackmen.  When  an 
invert  is  Uiwd,  the  draia  is  placed  in  the  centre  between  tracks. 
If  the  amount  of  water  is  liirgc,  drain  pipe  may  bo  laid  behind 
the  walls,  and  the  back  of  the  arch  may  \\e  covered  with,  as- 
phaltum,  or  coal  tar,  to  prevent  a.  constant  dripping  o: 
track. 

2S1.   Betraclag'    the    Xiioe. — As   the   grading    pro- 
gresses, in  either  excavation  or  embankment,  the  principal 
transit  points  are  cstablisliud  on  the  road-lwd  from  the  poinU  < 
of  reference,  and  the  centre  line  is  retraced,  setting  etskes  at 
L   every  60  feet.    Transit  points  on  grade  should  be  fixed  up4Ui 
ftrBtout,  durable  posts  firmly  set  in  the  ground,  and  standing 
enough  to   be  easily  reached  after  the  ballast  is  laid. 
Bcover  the  old  line,  any  discrepancies  in  measurement 
Bust  be  left  between  the  traasit  points  where  they  C 
'~  '      )t  carried  forward.     In  retracing  a  curve,  if  Uie  t 
■  placed  at  llie  forward  point,  allowing  the  chain  to  sdf 
jtsnte  toimiil  it,   slight  diScrencea  in  mcasviTenvinl  will  not 
^Sect  the  position  of  the  curve.    IS  m^  aXvotl  ot  \Qt 


cosarnuoTioN. 

'  tions  have  been  introduced  on  the  location,  their  position  oa 
the  line  must  not  be  chaageU  in  retracing.  The  chain  may 
1>e  adjusted  sii  lliut  its  measures  will  agree  with  Uia  recorded 
dl»^lauccs  iH^twoen  traosiC  points.  OSseta  ore  mode  right  and 
left  from  the  new  stakes  to  see  that  the  roud-bed  is  of  thi;  full 
widtli  at  all  points.  The  levels  are  also  carried  over  the 
giadc.  and  an;  remaining  cut  or  fill  lound  necessary  is  marked 
on  the  back  of  the  stakes,  due  allownnce  being  made  for  the 
probable  settlement  of  embankments. 

S&S.  As  the  work  approaches  completion  the  contractor 
goes  over  the  line  dressing  it  to  grade  and  opening  the  side 
ditches  if  this  has  not  been  previously  done. 

Drain-tile  should  be  laid  at  tbe  bottom  of  these  ditches  and 
lightly  covered  with  earth,  particularly  if  the  cut  be  wet. 
Tbese  not  only  prevent  the  water  from  reaching  the  ballaKt, 
l)ut  by  keeping  the  foot  of  the  slope  comparatively  dry  pre- 
vent the  earth  from  sliding  down  and  filling  up  the  cuC 
There  is  also  a  marked  economy  in  tlieir  use.  as  the  cost  is 
trifling,  and  all  furttier  excavation  of  mud  and  water  from 
'  the  cut  is  generally  obviated.  SbouliI  any  springs  appear  in 
the  slope  a  branch  lino  of  smaller  tile  may  be  laid  to  meet  it. 
If  the  slope  is  liable  to  he  overflowed  from  the  surface  above, 
an  open  ditch  should  ho  dug  a  few  feet  beyond  the  slope 
stakes,  leading  the  surface  water  to  discharge  elsewhere. 

253.  The  road-bed  being  prepared,  ballast  Stakes  are 

driven  at  every  half  slatiou,  giving  the  width  of  the  ballast  at 
its  base,  while  the  lops  of  tlie  stakes  indieitte  the  proper  level 
of  its  upper  surface,  which  is  the  under  side  of  the  tie.  These 
stakes  should  be  set  so  as  to  give  the  proper  elevation  to  the 
outer  rails  on  curves  when  the  ballast  is  graded  to  them.  The 
ballast  should  l>e  atout  one  foot  deep  before  tbe  ties  are  laid. 
Broken  sirme  or  a  mixture  of  coarw  and  flue  gravel  is  the 
best  material,  affording  elasticity  and  good  druinagc.  The 
dde  slopes  of  the  ballast  are  made  1  to  1;  its  widtli  at  the 
under  side  of  the  tie  should  be  one  foot  gieater  than  the 
Icngtli  of  the  lie. 

A 
234.  Track-laying, — After  the  \>B.\ias\.  ^aa  "XjeeQ  ^»'»^ 
anit graded,  the  centre  line  la  retraced  upOQ  ^^.,  a\iotV 6\s&k«' 
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sre  uaed.  each  of  which  is  ccotred.    On  long  tuigeiiU. 
stake  ill  cr(!rj  200  feet  la  sufflcient,  on  ordinary  currsa  on 
every  5U  feet,  aud  on  Tcry  shnrp  curves  one  in  every  35  feet. 
The  ties  are  then  spaced   evenly  according  to  the   number 
presuribed  per  mile,  or  per  rail  length :  hut  a  tie  sliould  not  be 
allowed  to  cover  a  transit  point.     Ties  for  the  standard  gauge 
are  8or9fcet  long^  they  should  be  sawed  off  square 
and  in    unifonn  lengths    for    appearance   sake   when   laid. 
Specifications  usually  call  for  ties  having  a  thickness  of  6 
inches  and  a  width  of  from  7  to  10  inches.    Tlie  ends  of 
ties  are  aligned  on  one  side  of  the  road,  though  if  cut  into 
uniform  lengths  both  ends  will  be  equally  well  aligned.     The 
rails  are  then  laid  on,  and  spiked  to  gauge.     The  first  spikes 
arc  driven  in  the  ties  uoar  a  centre  stake,  the  centre  mark  of 
the  gaitge  bar  being  kept  over  the  centre  on  the  stake.     Upon 
curves  the  rails  must  be  sprung  to  the  proper  arc  before  they 
arc  laid  (§1S9).    All  the  ties  required  in  a  ^vea  distance 
should  be  laid  before  the  rails  arc  brought  upon  them.     The 
practice  of  laying  only  joint  and  middle  tion  at  first  subjects 
the  rails  to  the  danger  of  bending  from  passing  loads. 

Owing  to  the  expannloii  of  tlie  rnila  by  heat,  a.  space 
must  be  left  at  the  rail-joints.    The  lilghest  temperature  of  » 
rail  in  the  summer  sun  is  about  130°  Fnh.     The  expansion  0$ 
iron  or  steel  per  100°  is  .0007  per  foot;  or  for  a  30-foot 
.031  foot  or  .853  inch.    Therefore  when  SO-foot  rails  are  1 
at  a  temperature  near  tlie  freezing  point,  or  100°  below  the 
maximum,  the  space  allowed  must  be  at  least  a  quarter  of 
inch.    At  80°  Fah.  or  50°  liclow  the  maEimum,  it  need  beonljt- 
half  as  much.     The  space  required  is  also  proportional  to 
length  of  rail  used.  The  exact  space  should  be  giTen,  as 
would  result  in  llio  rails  being  forced  up  by  expansion,  wl 
fc,Wore  than  necessary  space  gives  a  rough  road,  and 
«  destruction  of  the  rail. 

ver  siding's  are  required,  the  necessary  frogs  nai 

tch  tics  should  he  provided  in  advance,  so  thatthql 

My  he  put  in  place  at  the  time  of  laying  the  main  track.  Ft 

rery  road  crossing  at  grade,  heavy  oak  plank  should  be  pn 

wlihd,  and  laid  upon  the  ties  as  soon  as  the  rails  are  Biriko^ 

^*i«(  the  highway  travel  may  iMltieHa5e44A, 
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CHAPTER  X. 
Calculation  of  Earthwork. 

fi34c.  The  first  step  toward  finding  the  cubical  content  of 
an  excavation  is  to  divide  it  into  a  number  of  prismoids  by 
several  cross  sections. 

A.  prismoid  is  a  solid  having  plane  parallel  bases  or  ends, 
and  bounded  on  the  sides  either  by  planes,  or  by  such  surfaces 
as  may  be  generated  by  a  right  line  moving  continuously  along 
the  edges  of  the  bases  as  directrices. 

The  positions  of  the  cross  sections  must  be  so  selected 
that  the  solid  included  between  any  two  consecutive  sections 
may  be  a  prismoid  as  nearly  as  possible.  Upon  a  tangent  the 
road-bed  and  side- slopes  are  planes,  so  that  the  prismoidal 
character  of  a  given  solid  depends  upon  the  shape  of  the  natu- 
ral surface.  When  the  natural  surface  is  a  plane,  the  sections 
are  taken  only  at  the  regular  stations,  100  feet  apart;  when  it 
is  curved,  warped,  irregular,  or  broken,  the  sections  must  be 
more  numerous,  so  that  the  surface  limited  by  any  two  shall 
be  composed  substantially  of  right-lined  elements  extending 
from  one  sectioa  to  the  other. 

If  two  end  sections  of  a  prismoid  are  somewhat  similar,  we 
infer  that  the  corresponding  points  are  connected  by  right- 
lined  elements,  forming  in  each  case  the  axis  of  a  ridge  or  of  a 
hollow.  If  one  section  has  less  breaks  than  the  next,  some  of 
these  ridges  or  hollows  must  vanish;  and  in  order  that  the 
solid  may  be  a  prismoid,  they  must  vanish  in  the  section  of 
least  breaks;  therefore  a  cross  section  must  be  taken  on  the 
ground  through  the  point  where  each  ridge  or  hollow  vanishes, 
and  the  distance  of  that  point  from  the  centre  line  noted,  so 
that  it  may  be  coupled  with  the  proper  point  in  the  next  section 
for  exact  calculation  of  content. 

When  ridges  or  hollows  run  diagonally  acioft^  \5aft  \\x3L'fe  ^\ 

road,  crosus  sections  must  he  taken  where  tliey  ai^  mX«t^aecNfc^ 

not  only  by  the  centre  line  but  also  by  the  aVde  ^o^%\  ^^a»^»'^^ 

BectioDS  must  be  takeA  so  that  a  side  stake  may  s\»Jad  oxi  Var^  ^ 


ick  ridge  and  at  bottom  of  each  hollow.  In  cose  the  centre 
Tsecta  at  right  angles  u  rclainmg  wall  or  other  vertical 
Hurfaec,  two  cross  aiictiona  aie  required  at  the  same  point,  one 
at  lop  and  tlie  otlier  at  hasc  oE  wall,  in  order  to  furnish  tlia 
data  necuasary  to  calculate  the  conlcut  eocU  way  from  the  v 
Ileal  surface.     (See  Art.  335.) 

Every  Ihoroiigli  cut  terrainatea  in  either  sidehill  cutting,  ■ 
pyramid,  or  a  wedge ;  the  latter  happens  only  when  tht 
tour  of  the  natural  surface  is  at  right  angles  to  the  line  of  road. 
Beetions  should  alwaya  Iw  taken  through  the  points  where  the 
edges  of  the  roadbed  meet  the  surface,  as  these  are  the  pointi 
of  separation  between  thorough  and  side  hill  work.  Such  si 
tianB  also  serve  to  defloo  terminal  pyramids  when  Ibey  occut 

t  ia  illuBtrated  by  Pig.  97.    In  side-hill  work  the  foregoing 


rio.  97. 

!s  apply  as  ■well,  but  sectiona  will  generally  le  more  numer- . 
» tbtta  In  12iorough  cuts,     Tlie  name  rules  apply  also  b 
Itmeot,  but  an  grading  ia  pvct(Tn,\i\3  piviM-ot  vo.  au»,iuS:Joa, 
*Mnie  precision  in  det«rminiog  t.\ic  (iuu.Ti\:v\:\ea  \\i « 
<Baot  nau&liy  necesBat^. 
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255.  Formulae  for  Sectional  Areas. 

Let  b  =  base  of  section  or  width  of  road-bed, 

horizontal 

**   «  =  slope  ratio  = -. — r-- 

^  vertical 

**  d  =  depth  at  centre  stake. 

**   h,  k  =  depths  at  side  stakes. 

*  *  m,  n=  horizontal  distances  from  centre  to  side  stakes. 

If\n'  ground  level  transversely,  the  section  is  a  parallelogram, 
and  the  area  is  evidently 

A  =  bd-\-sd^  (342) 

or  directly  from  the  field  notes, 

A  =  U^  +  m  +  n)d  (343) 

Jfbr  ground  of  uniform  transverse  slope  between  slope  stakes. 


Fio.  98. 

Fig.  98,  the  section  consists  of  the  parallelogram  ABOE  and 
the  triangle  EOD,    Hence 

A  =  \{AB+  EO)EN+  lECKDH"  EN) 

A  =  h{AB.EN+EO.DH) 

or 

A=}i[bh+k{b-\'^h)^) 
also  \  (344) 

A  =  \{bk-{-h{b  +  %sk)^) 

Prom  which  also 

A  =  \bh  +  mk ) 

and  \  <^\ 

A  ^ibk-^nh  ) 

These  formulae  are  independent  of  the  cente»  dc^"^*    ^\v«1 
tune  coavement  for  coiculatiag  the  area  ot  a  vVoWft^L  «fift^^ 
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having  an  irregular  surfiicc  after  Uie  surface  line  haa  liecn 
nveroged  by  alrctdiiiiK  a  silk  tlireod  ovur  it.  The  poioU 
wliere  the  thrcaxl  intersects  the  slope  lines  delenniae  the 
THJuea  of  h,  k,  m,  anil  »  reap«clivelir. 

When  the  gnmitd  lut»   uniform  nlopa  trarureriifly  from  &» 
Mn(n  to  the  tidt  tla/uss:  Fig.  93:  If  in  the  diagnim  we  draw 


FlQ.  KB. 

BO  and  SO,  the  section,  will  be  divided  into  four  trlanglea, 
too  bavins  the  common  l>ase  CO  =d  and  ri^poctive  helghtB 
ON  =  ta  and  GII=  n,  and  (looharing  the  equal  bases  A0  = 
OB  =  ib  and  the  resi)ective  heights  EN  =  A  and  DM=Je. 
Hence  we  have  for  the  area  of  section 


=  \d<jn 


(3M) 


OtksTwise,  if  Iho  slope  lines  are  produced  to  meet  below 
grade  at   P.   then    GP  =  ~=  ~.     The  areu  of  CEPD  is 

iCPy.mi=\{dJr^  (m  +  n).    The  arenof  vIBPis  JU  >; 
OP  =  J-    Hence  vm  have  for  the  area  of  tlm  section 


-l  =  iK^(".  +  ' 


(347) 


Both  these  formulie  are  eonveulent,  aad  as  the  vnluea  of  tii6 

Beverul  letters  can  be  substituted  directly  from  Uie  field  BOta^  . 

it  is  unnecessary  lo  plot  such  Hcctions. 

W&eri  Ma  surfiiai of  tlie  pwuitdw  ti'rc((«i(ir.  vorticalsareooa' 

ceired  to  be  drawn  to  tbe  grade  Uno  Uvtinigt  v\ia  Aci^  Wakai, 
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nnd  through  each  breiik  in  tlic  surface  lioe,  giving  a  number  of 
trapezoids.  tUo  areas  of  Bbieli  are  severally  calculated,  and 
from  their  aumiasubtroctedLlie  area  of  the  two  triiuigles  £A"J. 
aadDIIB.  The  rcmaiuder  is  the  area  of  section  required. 
Tiiia  calculation  may  be  made  directly  from  the  data  furnished 
by  the  Beld  notca  without  plotting;  but  if  the  ground  has  a 
numlwr  of  small  breaks,  it  is  generally  hclter  to  plol  the  sec- 
tions aud  stretch  an  averaging  line  over  them,  findiog  the  areas 
by  eq.  (li-15).  Ur  two  avurugiiig  hues  may  be  employed  exteud- 
)Dg  from  (iie  centre  stake,  each  way,  when  the  area  may  be  cal- 
culated by  cq.  (340)  or  (347). 

25G.  Prisnioidal  FormulHi  for  Solid  Contents. 

— The  coniuut  of  a  prisinoid  may  lie  exactly  ealcuUied  by 
nieaiia  of  the  Prismoidal  Formula,  which  is 


(JX 


,,^[A-i-iM-\-A]  (348) 


8  =  cubic  yards,  I  ~  length  in  feet,  A.  A'  =  the  areas  at  the 
two  parallel  cuds,  and  M  =  tlie  area  of  a  siKition  midway  be- 
tween llie  euda.  This  ari'a  ia  iiot  a  mean  i)r  tlie  other  two.  but 
the  liuenr  dimensions  of  the  mid-section  are  means  of  the  cor- 
rfsponding  dimensions  sevcrjlly  of  the  end  sections;  from 
wliich  therefore  the  area  of  (tie  mid  section  may  lie  computed. 
The  labor  of  calculating  the  middle  area  may  be  avoided  in 
many  instances  by  substituting  in  llie  prismoidal  formula,  eq. 
(846).  for  A,  A',  and  M.  their  values  as  given  in  eq.  (343)  for 
ground  level  transYerscly', 

1         .J    r       n       .1        ij:    I       jj       tr       i'' +  <^    i      rf*  +  2<W '-I- rf '' 

A=bd-\-iiP   A  =bd' -\-id'    Jf=* — ^ h"  ~^— 4     

in  which  fi  is  expressed  in  terms  of  the  cud  dimensions.  '■ 


207.  Tables  of  cubic  yards  may  ho  constructed  upon  this 
formula  which  are  very  convenient  in  practice.     The  c< 
values  in  any  one  table  are  I  wliich  la  taken  ft\  \W1,  ai\41>  w 
irJiicb  are  given  valuea  corresponding  lotheToa4-\»e4M«i.*«V* 
ralia.     Tile  variables  are  d  and  d'.     The  co\ttmaBTOV\i«V!" 


» 
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■will  Tib  headed  by  tlic  succeasiye  values  of  if,  while  e»ch 
zontal  line  will  he  headed  bj  a  value  of  d.  For  any 
column  therefore  (f  is  constant,  aod  the  only  Tariable  ; 
Assuming  any  value  for  d',  the  values  of  .9  in  that  column  may 
be  computed,  lellingrf  t!ike  aBeriesofvaluos  differing  by  unity 
from  zero  upwards,  and  the  corresponding  values  of  S  will  be 
placed  in  the  columu  d'  opposite  the  suveral  values  of  d. 
But  inslcftd  of  solving  the  eq.  (349)  for  each  value  of 
quired,  the  process  of  filling  the  table  may  be  much  abbre' 
viated  by  observing  that  siuco  the  equation  is  of  the 
degree  with  respect  to  the  viiriable  d,  the  second  difference  of 
the  values  of  S  will  be  a  constant  and  eijiiixl  to  tmce  I 
elTlcient  of  <?,  or  fi '  =  ^ si     Also  the  first  lerm  in  the 

of  first  differences  of  8  in  the  column  d'  (i.e.  between  d  = 
and  d^l)  hi  expressed  by  the  itum  uf  the  cotifBcicnts  of 


-.r-^i~[^''  +  Ml  +  <V)] 


The  first  value  of  S  in  any  column  il '  is  found  t 
eq.  (349)  after  making  d  =  0:  or, 

^■  =  6^^^^  +  ^"''^"^ 

Starting  with  these  values  we  may  fill  any  column  d '  simplj 
by  suctusaive  additions.    The  values  of  iV  (or  the  sovord. 
columns  should  also  differ  by  unity.     The  final  value  of  S  fat 
each  column  should  be  calculated  by  formula  us  a  check; 
1  the  final  quantities  in  the  !<amu  line  d  of  Ibe  tab) 
leries  of  which  the  second  difference  is  S',  if  on  takii 
r  differences   this  result   is  obtained,  the  quantities  a 
fcved  to  be  correct. 

tample. — Given  a  base  of  18  feet  aad  slopes  IJ  to  1,  to  Sll 
h^eolumnof  (f  =0  in  a  table  of  cubic  yards  for  level 
Here  /  =  100,  ft  =  18,  «  =  j,  d'  =  6.    Hence  S 
J7f-,  Jo'  =  40.3962+,  and  S=  =  466.ftB««-V.      U  ia 
I  ^tecesaary  to  go  beyond  the  fourlh  Aec\raa\  v\>««.  sSniftt' 
%"''e  will  always  be  the  same  as  ttie ftra\,  iEc\««i'*i 
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due  to  dividing  by  37),  and  may  be  corrected  by  it  after  every 
addition.     The  process  is  as  follows: 

d  8                               d'  S' 

0  266.6668  ^«  oqao 

1  812.9629  ^"^  8.7037 

2  862.9629  mtaq?  8.7037 
8  416.6666  ^dmi  8.7037 

4  474.0740  «i  iVi  i  8.7037 

5  535.1851  ftiftiift  8.7037 

6  600.0000  Aft'^iS  8.7037 

7  668.5185  tooooo  3.7037 

8  740.7407  75.9259  ^'^^'^ 

etc.  etc.  etc. 

In  copying  into  the  table,  the  quantities  are  taken  to  the 
nearest  unit  only,  and  the  decimals  are  otherwise  neglected. 

The  completed  table  furnishes  values  of  JS  corresponding  to 
any  values  of  d  and  d'  in  even  fee't.  The  correction  for  the 
decimal  parts  of  the  depths,  when  there  arc  such,  is  made  by 
adding  to  8  (found  opposite  the  even  feet)  the  product  of  the 
half  sum  of  the  decimals  by  the  difference  between  8  as 
found  and  the  next  value  of  8  diagonally  below  to  the  right. 
These  differences  may  for  convenience  be  inserted  originally 
in  the  table  under  each  quantity  in  small  figures. 

If  the  length  of  the  solid  differs  from  100  feet,  multiply  the 
corrected  quantity  by  the  length  and  divide  by  100,  since  8 
varies  directly  as  l.  Such  tables  are  published  in  separate 
sheets  for  a  variety  of  bases  and  slopes,  so  that  usually  one 
may  be  purchased  to  suit  the  case  in  hand. 

258.  These  tables  may  be  used  to  find  quantities  when 
the  ground  is  not  level  transversely,  by  finding,  first,  the  area 
of  the  actual  sections,  and  second,  the  depths  of  level  sec- 
tions having  equal  areas^  and  tlien  using  the  depths  so  found 
as  the  values  of  d  and  d'  in  the  table  of  quantities.  The 
depths  of  equivalent  level  sections  are  called  equiva- 
lent depths.    They  may  be  calculated  by  the  formula 


"-i+i/i+i 


(350) 


which  is  derived  directly  from  eq.  (342).    T\ie  mot^  ejCSU^^iAs^cX 
metbod,  however,  is  to  construct  a  table  on  eqj.  i^^"),  ^"sVajg,  Vi 
fBaerkmofysdaea  varying  by  one  tenOi  ol  a  lo<A  ixom  t««» 
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upward.     The  values  of  b  &oA  »  in  this  table  moBt  bj 
those  of  the  roud  and  of  the  table  of  cubic  jarda. 


259.  When  the  transverse  slope  is  unifonn  between  slope 
stakes  tbe  eqoivalent  depth  may  he  expreeeed  la 
terms  of  the  centre  depth  and  slope  of  sur&ce 


Vithout  reference 


Fig,  100. 


=  CPandl 
erect  the    I 


I 

^p    Let  £ASD  he  the  given  Bection. 

J^f^       "  RABT  be  the  equivalent  level  section. 

Produce  tlie  side  elopes  to  meet  at  P,  and  let 
«!  =  C,P. 

Through  (7  draw  the  horiwDoCal  line  QL.  aad  at  Z  erect  the 

I  perpendicular  LM  =  i,  aud  draw  iA'^  parallel 
Tlio  area ^PI'  =  area  £PZ>;  aad  qBC=  LNG\  hence 
'i!PLlf=  QPL  ~  EPD  -  NLD. 
Bince  NLH  is  similar  to  EPD,  we  have 


'Pe   1, 

'»  I 

ce    I 


BPD  :  NLD  ::  e' :  f 
MFD  -  NLD  :  EPD  ::  o"  - 1*  ;  e* 
|,  Bince  QPL  aad  iiPr  are  ainiilar, 

qPL-.RPT::  c»  :  c,' 


pXeI*'  =  slope  ratio  of  surface 
eicL  sohBti tilled  gives 
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^^Bb  d,  =  Uie  cquivaknt  deptb  C,  0.  then 

■■  d,  ^  d  +  (e,  -  <;) 

Y^     A  table  may  be  prepared  giving  (e,  —  e)  for  varioua  inclina- 

r      Hods  of  surface  with  ^ven  base  anil  eidc  slopes.     It  ia  Uien 

I      only  necesa&ry  to  add  tliis  correction  to  tlie  centre  deptli  to 

obtain  the  equivaleut  depth.     Such  labits  of  correction  usually 

accompany  the  pulilislied  tables  of  cubic  yards.     This  metliud 

of  obtaining  quantities  is  particularly  applicalile  to  preliminary 

eslimatea,  where  the  ground  hoB  not  been  crosB-Bectioned,  and 

only  the  oeulre  depth  and  traiix verse  incliiiatioa  is  known. 

3G0,  The  use  of  the  earthwork  tables  described  gives 
c«rr€!t't  results  ;— 

1st.  Wheu  the  surface  of  the  prismoid  is  a  plane,  however 
much  inclined:  provided  it  does  not  intersect  the  road-bed 
within  the  limits  of  Ibe  prismoid. 

3d.  When  with  regtUar,  orlhreo-lovclcnd  sections,  generally 
simitar  lo  each  other,  the  surface  is  regularly  warped  from  one 
end  to  the  other;  provided  that  the  side  lines  and  centre  line 
of  the  surface  are  straight,  and  that  no  two  of  them  art 
clined  to  grade  In  opposite  directions. 

3d.  When  the  ridges  or  hollows  of  an  undulating  surface 
nre  parallel  lo  the  line  of  the  rood. 

4th,  When  a  surface  of  numerous  Irregularities  may  bs 
averaged  by  planes  or  warped  surfaces  so  as  to  comply  with 
one  of  the  preceding  conditions. 

But  the  method  fails  on  undulating  ground  when  the 
ridges  or  hollows  run  obliquely  lo  the  line  of  road,  e 
ttiough  the  sections  may  appear  quite  regular. 

In  general,  the  method  of  equivalent  depths  holds  good 
when  the  mid-section  of  the  equivalent  level  end  sections 
cqaals  in  area  the  actual  mid-section  or  the  prismoid;  other- 
wise it  fails, 

SOI.  The  content  of  a  prismoid  may  be  approximately  ob- 
tained by  the  method  of   meau    areas,  the  fonnula  for 


2X  27       ^ 


:^ 


:»UDt  of  ita  conveDicnco.    It  U  approved  bj  etatnCe  to 
d  upon  tlie  public  works  of  llio  Btiile  of  New  York, 
f  the  vuluca  of  A  and  A'  derived  from  ctj.  (342)  be  subatl-i 
d  in  eq.  (333),  And  tlicn  eq.  (34U)  Ire  eiibtrocted  Froia  it  tl 

Miich  19  tlie  correction  by  wliicli  S  obtained  by  eq.  (358)  n 
e  diminished  to  malte  tt  eqiini  to  8  obtained  liy  eq.  (3^ 

"ffliuii  tlie  grouud  is  luvel  transversely. 

Again,  for  three-level  sections,  if  the  values  of  A.  A.  and  J 

derived  from  eq,  (MT)  be  subatitnted  in  both  eq.  (348)  unj 

(SG2).  and  one  subtracted  from  the  other,  there  remnins 

jg-^^  t(rf-<f')  (m+»-(m'  +  .0)J 

hrliichis  the  correction  by  which  Sobiainnd  byeq.CSSS) 
B  diminished  to  niitke  it  cqiutl  to  S  obtained  by  eq.  (349)., 
c  may  write  at  once,  for  tiirec  levcI-sectioQS,  tiie 
it  formula: 


^[- 


Jhis  formula  gives  n 


-[»+«-(»■+»')] 


alts  Identical  with  eq,  (349),  is  appli< 
a  caaes,  and  gives  correct  results  or  fails  to 
a  according  to  the  conditions  stated  in  the  previous  seotic 

262.  Wlien  the  conditions  of  tltu  surface  nre  such  that  e 
(34B)  or  eq.  (353)  wdl  not  give  correct  results,  the  area  ■ 
tlie  inkl-aectlon  may  be  derived  frutu  its  calculated  Dm 
diinciisions  as  stated  in  g  2G6.     The  contents  of  the  prismoj 

■e  then  given  by  eq.  (348). 


Ef«,npi«l.  (Fig,  !01.)-Base2fl. 

Slopes  li  :  1. 

4'  +12-  +  A          +i^^ 

-1  .  -1-    g    -t-    g                -t-    25 

..  J  =  433  8q. 

-+l^  """^^ 

.-.  ^  =  200  8q. 

-+5+-i'+i+i+ 
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If  i  =  100,  eq.  (848) 


8  = 


100 


(443  ^  967  +  200)  =  993  c.  yds. 


6X27 
Had  this  been  calculated  by  eq.  (349)  or  eq.  (358)  or  by  the 


Fio.  101. 


tables,  the  result  would  be  1167  c.  yds.,  showing  an  error  of 
174  cubic  yards  in  eaxess. 


Example  2.  (Fig.  102.)— Base  20.    Slopes  li  :  1. 
22 


[ 


^+2+4 


+-^- 


^     5     ^6^6^6^     5 


234  sq.  ft. 
88  sq.  ft. 

1G4.5  bq.  ft. 


If  ?  =  100,  eq.  (348) 

100 

Bad  this  been  calculated  by  eq.  (349)  or  w^.  (^>  ox  Xs^  ^2!b«i 
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t.  yds.,  ehowing  a 


3«3.  At  the  termination  of  a  cut  or  fill  we  have  usually 
i  either  a  wedge  or  a  pyramid.  To  a  wedge  the  pw- 
I  ceding  formulie  ami  tables  based  ud  them  apply  by  makiui; 


1 


one  end  depth  equal  zero.  In  the  case  of  ft  pyramid,  the 
content  is  equal  to  the  area  of  the  section  forming  the  base 
multiplied  by  one  third  the  length  of  the  solid,  and  divided  by 


■   3x37 


(354) 


264.  Side-hill  Work.— When  the  natural  Burface  lias 
a  regular  transverae  slope  and  intersects  the  road-bed.  tiie 
cross  section  is  reduced  to  a  triangle.  If  in  =  the  intereeptei 
portion  ot  the  road-bed,  and  k  =  ilie  side  height,  Ihen  A  ^ 
ia/c.  fiimilarly  A'  =  iw'f  and  4«"  =  K"  +  «')  (*  +  *' 
_whicli  substituted  in  eq.  (S48)  give 


^Vfoc 


I 


.  [(2r.  +  «.')t  +  (a«'+7r)J-'] 


is  convenient  for  direct  ca1cn\n.lWTi^nv(n.\.\vefe\Aiu 
(  adapted  to  the  cunslnictiDQ  ol  XaiAea,  6vqi 
lodependeat  variables. 
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If  the  slope  of  the  natural  surface  is  given,  let  il  be  the  sur- 
face slope  ratio  at  one  section,  and  %'  that  at  the  other,  and  » 
the  ratio  of  the  side  slope.  Then  t/>  =  ife  («'  —  «)  and  w'  = 
&'(«'  —  <),  which  substituted  in  eq.  (3/)5)  give 

If  the  surface  is  a  jiaJM^  then  «'  =  «',  and  we  have  for  this 
case 

B  =  ^^^  [*'  +  **'  +  *'*]  (866) 

which  is  a  formula  of  quite  limited  application ;  yet  it  is  the 
one  on  which  tables  and  diagrams  are  usually  constructed. 
Consequently  the  latter  will  not  give  correct  results,  except 
when  the  surface  is  a  'plane. 


265.  When  the  natural  surface  is  broken  the 

sections  may  be  plotted,  and  the  values  of  w  and  k  taken  from 
the  points  where  an  averagring  line  intersects  the  grade 
and  side  slope  respectively.  Finding  values  for  w'  and  K  in 
the  same  way,  the  content  may  then  be  obtained  by  eq.  (865) 
as  before.  The  averaging  line  should  not  only  cut  off  the 
same  area  as  the  original  section,  but  should  also  have  in  each 
case  a  slope  agreeing  as  nearly  as  possible  with  the  general 
slope  of  the  natural  surface.  The  slope  is  determined  simply 
by  inspection  of  the  diagram,  but  the  area  may  be  had  pre- 
cisely, for,  taking  tr  from  the  averaging  line,  and  knowing  A^ 

%A 

we  may  calculate  k  by  the  formula  k  =  — ;   or  k  may  be 

taken  from  the  plot  and  w  calculated. 

Otlierwise,  the  actual  mid-section  may  be  calculated  and 
the  cubic  contents  determined  by  the  method  illustrated  in 
§262. 

266.  To  express  side-hill  areas  and  cubic  yards 
in  terms  of  the  centre  depth,  d,  and  transverse 
slope-ratio  s'«    Fig.  108. 

When  d  =:  0,  A^  ibk  :=:: ^ 
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I  For  aay  duptli  tl,  aild  to  this  area 


lad  Ihcre  results, 


-  2  X  37(.'  -s) 


I    Observe  tliat  d  may  be  jilus 


J'Tsblea  of  cubic  jTirds  may  be  constructed  on  this  formnla. 
kiag  d  and  i'  tlio  variables,  wliicb  would  be  exticniBly  con- 


> 


vm.  los, 

venient  for  making  up  estimates  upon  preliminary  lines  c 
wliicli  the  profile  of  centre  line  and  angle  of  tranHverae  b' 
only  are  known.     Since  «'  is  tbe  cotangent  of  tlic  slope  a 
the  columns  of  tlie  table  may  be  lieaded  by  tlie  angles 
series  of  degrc'es,  while  the  correspondiug   values  of  «'  h 
used  in  the  formula.     The  values  of  d  should  vary  by  U 
of  a  foot.     T)ie  results  olitaiued  by  eq.  (350)  and  eq.  (3D7)  wiH 
be  identical  for  the  same  sections. 


'A7.  Several  diJTerent  Bystcnw  of  diagrams  have  b 
ill-vised  anrf  published  for  delev mining  jpa^vMUeam  s«rtlvw( 
h'  a  sort  of  grupliical  method,    tbewi  6.\»^n.\t«,-w\i\Cu. jj 
substitutes  for  tables   are  preferred  \«^  wnvve  ^n^wiwa. 
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are  based  on  the  same  principles,  and  are  constructed  on  modi- 
fications of  the  same  f  ormtdse. 


268.  Correction  of  Earthwork  for  Curvature. 

— The  preceding  calculations  are  based  on  the  assumption  that 
the  centre  line  is  straight,  with  cross  sections  at  right  angles  to 
it.  When  an  excavation  is  on  a  curve,  the  cross  sections,  be- 
ing in  radial  planes,  are  inclined  to  each  other,  so  that  the  con- 
dition of  a  prismoid  is  not  exactly  fulfilled.  But  by  the  proper- 
ty of  Guldinus,  if  any  plane  area  is  made  to  revolve  about  an 
axis  in  the  same  plane,  the  volume  of  a  solid  generated  by  the 
area  is  equal  to  that  of  a  prism  having  a  base  equal  to  the  given 
area,  and  a  height  equal  to  the  length  of  path  described  by  the 
centre  of  gravity  of  the  area.  The  path,  being  the  arc  of  a  cir- 
cle, is  proportional  to  the  radius  drawn  to  the  centre  of  gravi- 
ty. If  therefore  a  cross  section  is  symmetrical  with  respect  to 
the  centre  line,  the  path  of  the  centre  of  gravity  is  equal  to  the 
measured  length  of  the  centre  line,  and  no  correction  for  cur- 
vature is  required. 

But  when  the  ground  is  inclined  transversely,  the  centre  of 
gravity  is  one  side  of  the  centre  line,  and  its  path,  if  we  con- 
ceive it  to  sweep  around  the  curve,  from  one  end  of  a  prismoid 
to  the  other,  is  longer  or  shorter  than  the  distance  measured  on 
the  centre  line,  according  as  the  centre  of  gravity  is  outside  or 
inside  of  the  centre  line  curve. 

Let  C  =  correction  in  cubic  yards  due  to  curvature. 
**   8  •=.  cubic  yards  as  obtained  by  prismoidal  formula. 
**  JB  =  radius  of  centre  line. 
**    d  =  eccentricity  of  centre  of  gravity  of  section. 

=  horizontal  distance  from  centre  line  to  centre  of 
gravity. 

We  then  have  the  proportion, 

8±G  .  8\\B,±6  \  It 

0=1 

Ab  the  sectioDs  of  a  solid  are  seldom  BiixiW&t  ttii^  ^c^-aX,  ^^ 
MbaH  usuaUjrhave  a  different  value  of  e  f  ot  every  ttecX\o\\,^«« 
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■rbidi,  however,  a  meaa  average  value  may  be  deduced,  anil 

d  in  the  above  f  ortnula.    But  it  viU  be  more  ctiuvenieiit  tu 

ureas  tUeniselves  for  eccentricity  before  finding  .V, 

wbich  will  liieu  require  no  correction.    For  Hie  eiimo  result 


!  of 


a  whether  we  multiply  S  by  -=-,  or  multiply  c 
le  component  factors  of  S  by  the  same  ratio. 

;orreclion  of  area  in  square  feci  due  to  ecceutri- 
c  bavc  at  ouco 

_  Ae 
""   Jt 

ftud  the  corrected  area  equals  A  ±  e  according  as  the  cut  h 
deeper  on  the  oulside  or  inside  of  the  curve.  Each  area  used 
in  determining  the  solid  contents  should,  on  a  curve,  be  first 
corrected  in  this  manner. 


2'o  find  the  value  of  e  f'/r  ang  three-level  se 


Fig.  104. 


Find  the  areas  either  side  of  llie  centre  line  separately,  cbB- 
^g  them  if  and  K.  and  take  their  sum  and  difference. 

J  notation  as  in  g  355,  ZT  =  intd  -(-  i*A,  K  ~  ind 
(,  and  n  +  JC  —  A. 

K  -IT ^  id  (n  -  m)  +  ^  Ik  -  h) 


'  'Ae  ffgurc  draw  GE'  equal  to  OE,  aniW  Wangle  CfS'D_ 
W*''^  repregent  the  areaCff— ITV  BVbciA  vVe  sNfttE'B,*  "~ 
<iniwaUao  from  C  to  the  middle  poVnt.    "Y^wb  -0*6  «3 
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gravity  of  the  triangle  will  be  on  this  line  at  two  thirds  its 
length  from  C,  and  the  horizontal  distance  of  the  centre  of 
gravity  from  C  is  f  X  i(w  ^- n)  =  ^(m  +  n).  The  centre  of 
gravity  of  the  remainder  Of  the  section  is  on  the  centre  line 
CO,  so  that  the  value  of  e  is  found  from  the  proportion 

e  :^{n  -\-m)  ::  K  —  H:  A 


e  = 


3^ 


(K-H) 


Hence 


<J  =  ^  =  ^^  W  (n  ^m)  +  ib  (k^h)]     (358) 


Sections  which  are  more  irregular  may  be  plotted  and 
reduced  by  averaging  lines  to  three-level  sections,  in  order  that 
the  formula  may  be  applied.  If  the  ground  is  so  irregular  as 
to  require  the  computation  of  the  middle  section,  the  correc- 
tion e  should  be  found  and  applied  to  this  area  (M)  also 
before  introducing  it  into  the  prismoidal  formula.  As  the 
correction  for  curvature  is  always  relatively  small,  it  is  usually 
ignored  in  practice  for  thorough  cuts,  except  where  deep  cut- 
tings with  steep  transverse  slope  occur  on  sharp  curves. 

The  correction  is  of  more  importance  relatively  in 
side-hill  work  as  the  centre  of  gravity  of  the  section  is 
more  remote  from  the  centre  line.  Let  the  section  be  reduced 


Fio.  106. 


to  a  triangle  by  an  averaging  line  (Fig.  105),  and  w  be  the  basa 
of  the  triangle  formed  by  the  averaging  line.    TYi^  e.«ii\x^  ^"^ 
gravity  ia  at  one  third  the  horizontal  distance  itora  X)^^^^  issX^^^ 
paint  of  w  to  the  side  stake  D,  while  tVie  A\«\.«i\e,^  ^"^  ^"^"^ 
miiMie  point  from  the  centre  stake  C  is  eN\denX\5  \b  —  V 


__  Ae  _  6_+ n  - 


■   Ji 


3a 


The  correclioii  e  will  be  plus  or  minua  as  before  espial 
This  formula,  upplies  tu  all  aide-hill  triauguiar  sccli 
whelher  there  be  cut  or  till  at  the  centre  stake 

Example  1. — Tiorougli  cut;  base  20;  slopes  IJ  :  L 

I  =  100;  8"  eurve,  left;  B  =  710.78 
.       ,     16    ,     13    ,    58 

^■  +  ^-  +  -(r+^ 

.,     ,    13    ,     8    ,    40 


^Bben  K=  lX58Xl3  +  iX20X33  = 

=  508 

^r         ir=iXl6xl3  +  iX20x   4  = 

=  116.-.  .d  = 

=  G24 

~  x-n= 

'm 

^■<^       ^-B-S?^^^^    = 

/   13.49 

^L 

(A  +  c) 

C37.49 

H            £"-ix40x8  +  iX30x20  = 

=  360 

H            £^'  =  iXl3xa  +  iX30X3^ 

:    G-2.:A'  = 

^333 

1  ^'^-3ai«»- 

198 

4.87     II 

^^ 

{A'  +  e')  = 

=  336.8H 

^^fcom  which  we  obtain  S  =  1758  cub.  yds. 
^^Vithout  correctiou  we  have  1736     "       " 

—A/ts. 

1 

^^Bowlng  a  difference  of           33    " 

u 

^H&cf  the  curve  beca  to  Uie  rigl^t  ^v■^tti  ^ 
^me  been  mmm,  and  8  would  ^  16^4. 

iim-i  u>AKa, 

J 
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Example  2.— ^Side-hill  cut;  base  20;  slopes  1\  :  1 
I  =  60;  10"  curve,  right;  R  =  573.69 

__0^      _2^      '37 
0.8  "^0.0  "^"18 

^  =  i  X  16  X20  =  160 

(4  -  c)  =  156.42 
^'  =  i  X  8  X  18  =  72 

20  +  37-8  „^ 
^  =--  3  X  573.69    ^^  =  Jf^ 

(^'-<j)=    69.95 
Hence  /S^  =  248  cub.  yda 

Without  correction  /S^  would  =  255    "      *• 


Difference 


<i      (( 


269.  Haul. — The  cost  of  removing  excavated  material, 
when  the  distance  does  not  exceed  a  certain  specified  limit,  is 
included  in  the  price  per  cubic  yard  of  the  material  as  meas- 
ured in  the  cutting.  But  when  the  material  must  be  carried 
beyond  this  limit,  the  extra  distance  is  paid  for  at  a  stipulated 
price  per  cubic  yard,  per  100  feet.  The  extra  distance  is  known 
by  the  name  of  haul,  and  is  to  be  computed  by  the  engineer 
with  respect  to  so  much  of  the  material  as  is  affected  by  it. 

The  contractor  is  entitled  to  the  benefit  of  all  short  hauls 
(less  than  the  specified  limit),  and  material  so  moved  should  not 
be  averaged  against  that  which  is  carried  beyond  the  limit. 
Therefore,  in  all  cuts,  the  material  of  which  is  all  deposited 
witliin  the  limiting  distance,  no  calculation  of  haul  is  to  be 
made. 

On  the  other  hand,  the  company  is  entitled,  in  cases  of  long 
haul,  to  free  transportation  for  that  portion  of  the  cutting,  no 
one  yard  of  which  is  carried  beyond  the  specified  limit.    There- 
fore, this  portion  ia&rat  to  be  determined  mx^av^sX  V>NX»«^- 
tent;  and  thenamber  of  cubic  yards  coiitaMied\xv\V\a\»\5»  ^^- 


ducted  from  tho  total  content  of  the  cutting,  before  eslimatlng 
the  haul  upon  the  remainder.  Find  on  the  proliie  of  tlie  line 
two  points,  one  in  excavation,  and  tlie  other  in  embankment, 
Bueh,  that  wliile  the  distance  between  them  equals  the  specifleJ 
limit,  the  included  quantities  of  excavation  and  embankment 
Bhftll  just  balance.  Tliosc  points  are  easily  found  by  trial,  with 
the  aid  of  the  crosa  sectionH  and  calculated  quantities,  and  be- 
come the  starling  points  from  which  the  haul  of  tho  remainder 
of  tlie  material  is  to  be  estimated. 


Fio.  109, 

Pig.  106  represents  a  cut  and  fill  in  profile.  The  dislance 
AB  is  the  limit  uf  free  haul.  The  materials  taken  from  AO 
just  make  Uie  fill  OB  and  without  charge  for  haul;  but  tlieliaul 
of  every  cubic  yard  taken  fTomAO,  and  carried  to  the  fill  BB, 
is  flubjcct  to  charge  for  the  distance  it  is  carried,  les^  AB.  It 
would  be  impossihle  to  find  the  distance  that  each  separate  yard 
te  carried,  but  we  know  from  mechanics  that  the  average  die-  i 
tance  for  the  entire  number  of  yards  is  the  distance  faetwem 
the  centres  of  gravity  of  the  cut  AO,  and  of  Hie  fill  BB  wliich 
is  made  from  it.  If,  therefore,  Xand  7"  represent  the  centres 
of  gravity,  the  actual  avera^  haul  is  tlie  sum  of  the  distances 
{AX-{-BT),  and  this  (expressed  in  stations)  multiplied  by  tbe 
number  of  cubic  yards  in  the  cut  AO,  gives  the  product  to 
which  tho  price  for  haul  applies. 

But  the  product  of  JX  by  tlie  numlwr  of  cubic  yards  In  AC 
is  equal  to  the  sum  of  the  products  obtained  by  niultiplying  the 
coDleals  of  each  prismoid  in  AO  by  Uie  dislance  of  its  o 

I  centre  of  gravity  from  A,     The  distance  of  the  centre  of  gr,iTitg>a 
Mfn 
[ 


tf  a  prismoid  from  it 


f  we  replace  S  by  its  approiLimate  value,  — ^ 


a  U  expressed  by  the  formnllj 

"    13  X  37  5 

ax 37    ' 

tl produce  no  important  error  in  this  wu«,-wft\i«no 
'  -   «  ■   A  -V  A' 


^  CALCULATION   OP    EAKTUWOJiK.  ^ 

Iq  wliicli  A  should  always  repreaent  the  more  remote  end  ores, 
from  the  starting  pamt  A,  lig,  lOti.  Ileace,  x  may  be-|-oi 
&ad  it  must  bu  applied,  witL  ita  proper  sign,  to  tlic  distance  o[ 
tliG  mid-aection  from  tlie  starting  poiot  A,  before  multiplying-, 
by  the  coatentsS.     Each  partial  product  is  thus  obtained. 

By  a  simiiiir  procesa  with  respect  lo  the  priamoida  comiKtsiag- 
the  ratiss  BD,  and  using  the  point  B  as  tlm  starling  point,  v 
obtiuD  llually  a  sum  of  the  products  teprcseotiug  this  portion, 
of  the  haul. 

If  a  cut  is  divided,  and  parts  are  carried  in  opposite  direc-' 
tions,  the  calculation  of  each  part  tcrmioati^s  at  the  dividing' 
line.  If  a  portion  of  tlie  material  in  ^C  is  wasted,  it  mus: 
deducted,  and  the  haul  calculated  only  on  the  remainder. 

The  specified  lioiit  is  sometimes  mode  as  low  as  100  feet, 
sometimes  as  high  as  1000  feet.  A  Umit  of  about  SOO  feet,  how- 
ever is  usually  most  convenient,  as  it  includes  the  wlieelbarrow- 
work,  and  a  large  part  of  tlte  carting,  wliite  it  prolecls  the  ci 
tractor  on  such  long  hauls  us  may  occur. 


270.  Tlie  Fiual  !Eslininte  is  a  complete  statement  ii 
detail,  of  llie  amount  of  work  done  and  materials  provided,  ii 
the  construction  of  tiie  road,  and  is  the  basis  of  final  settlement 
between  the  company  and  contractor.  Its  preparation  should 
be  begun  as  soon  us  possible  after  the  work  is  in  progress,  and 
should  be  continued,  as  fast  as  the  necessary  data  are  accumu- 
lated, while  the  circumstances  are  still  fresh  in  mind,  and  when 
any  omissions  in  the  Held  notes  may  be  readily  supplied.  The 
content  of  each  prii^moid,  the  classification  of  its  material,  and 
the  length  of  hau!  to  which  it  is  subject,  should  be  matters  c 
special  record  in  a  book  provided  for  that  purpose.  These  ri 
suits  having  been  carefully  computed  by  exact  methods  fornt 
a  standard  of  comparison  for  those  approximate  results  which 
must  be  had  from  time  to  lime  duringthc  progress  of  the  work, 
and  furnish  a  limit  to  tiie  amounts  of  the  munllily  estimates. 
The  same  remark  applies  to  all  other  items  of  labor  and  m 
rial.  The  notes  and  record  of  the  final  estimate  should  be  par- 
ticularly full  and  esact  in  respect  to  nil  such  it*n;ia  aa'nvWbek 
iiiacceasihli!  to  measnreraent  at  the  coTnpXcUoii.  oi  "iltt  ■^o^ 

sucb  as  foundation  pits,  foundation  coutaca  ol  ■Hva.awJ.'n , ' 

rerU,  and  works  under  water. 


I 


271.  Monthly  Estimates.— On  or  before  the  last  di 
of  every  montli  (luring  Ihe  progress  of  coDStrucUou,  meosiu 
meDt^  are  taken  to  delfirmine  Uic  total  amouiit  of  work  don 
and  muterial  provided  up  to  Ihut  diite.     Tlie  estimates  b 
on  these  measurements  are  called  Monthly  Estimates.   It  is  fi 
quently  necessary  to  take  measurements  for  both  monthly  ai 
final  estimates  at  other  times  than  the  end  of  Llie  month,  as 
the  case  of  foundations  which  arc  not  long  accessible.     Wil 
respect  to  each  piece  oE  work   satisfactorily  completed,  ' 
monthly  estimate  should  be  exact,  and  identical  in  amoi 
with  tile  final  estimate.     With  respect,  however,  to  items  t 
work  in  progress  at  the  lime  of  measurement,  the  montl^ 
estimate  is  only  approximate,  yet  should  be  as  precise  a 

le  case  will  allow;  and  the  quantities  atatud  shotd 
not  be  in  excess  of  fair  proportion  of  the  total  quantities  ^vc 
on  the  final  estimate  for  the  same  piece  of  work. 
A  special  field  1)ook  is  devoted  to  monthly  estimaJ 
jlos.  Each  page  should  be  dated  with  the  day  on  which  ti 
jODtea  upon  it  were  taken.  The  notes  consist  of  measuremen 
of  all  sorLi,  principally  of  cross  sections  partially  escavated 
These  sections  should  be  at  the  same  points  on  the  line  as  tb 
original  Bcctiona,  so  that  comparjsoas  may  be  made.  When 
ever  the  excavatioa  is  finished  to  grade,  it  is  only  necessary  t| 
write  "  completed"  opposite  such  stations,  and  the  quantitie 
may  be  taken  from  the  fiual  estimate  or  computed  from  t 
original  notes.  It  is  frequently  necessary  to  retrace  portios 
of  the  centre  line  in  taking  estimate  notes,  so  that  all  the  fiel 
instruments  are  required,  but  a  party  of  three  or  four  me; 
usually  sufficient. 

If  the  contractor  has  provided  materials,  such  as  stone,  1 
ber,  etc.,  which  are  not  as  yet  put  into  any  structure  when  U 
itimale  is  taken,  these  should  be  measured  and  entered  nr 
head  of  temporary  allowance,  an  arbitrary  price 
used  somewhat  below  the  actual  value  of  the  malorial  t 
d.    Such  allowances  should  never  be  copied  from  o) 
estimate  to  ilie  next,  but  made  anew  on  such  materii 
be  found  thai,  seems  to  require  it.     But  all  eiimpkU 
of  contract  work,  and  of  extra  work  when  ordered  t 
iffinecr,  are  necessarily  copied  ironv  one  ■m(ia>iiLVj  » 
to  tlie  next  during  the  conliti\ia\ic«  ol  \.\ie  cooVtok^ 
^iaak  form  is  used  by  tUc  rcaiilcnt  en»nwt'iaTR 


lug  monthly  estimalea,  on  which  a  column  ia  provided  for  each 
class  of  miLterial  and  work  required  by  the  contract,  while  tho 
several  lines,  hcnded  by  the  numberB  of  the  proper  stalions,  uro 
devoted  to  the  different  cuttinga,  Btructurea,  etc.,  in  conaecu- 
tivG  order  as  Ihey  occur  on  tho  line  of  road.  The  ealimates  are 
made  out  and  reported  aeparately  for  the  several  sections  into 
nhich  the  line  of  road  ia  divided  for  letting. 

Tliese  reports  are  reviewed  by  the  division  engineer,  and 
the  footings  copied  upon  another  blank,  which  is  ttie  monUily 
estimate  proper;  the  prices  are  attached  to  the  items,  and  the 
amounts  extended  and  summed  up.  This  sum  indicates  ap- 
proximately the  total  amount  earned  by  tlie  contractor  up  to 
dale,  from  which  is  deducted  a  certain  percentage  (usually  15 
percent.),  which  ia  retained  by  tlie  company  until  the  comple- 
tion of  tho  contract.  From  the  remainder  is  deducted  tho 
amount  of  previoua  payments,  which  leaves  the  amount  due 
the  contractor  on  the  present  estimate,  A  blank  form  of  re- 
ceipt is  appended,  to  ba  signed  by 


^^  CHAPTER  SI. 

^^  TOPCGiUPHlCil,  Bketchino, 

272.  Topographical  sUetcUea  taken  on  preliminary  surveys 
are  usually  of  great  value  in  projecting  a  line  for  location; 
Ihey  should  bo  made  llieretoro  as  accurate  and  complete  aa 
possible.  In  too  many  iastances  skclches  are  presented  having 
a  picturesque  appearance,  but  conveying  Utile  information,  if 
not  tendlngto  mislead  tlie  map-maker,  Tlie  aim  of  the  topog- 
rapher should  be  to  record  the  topograpliical  features  either 
Bide  of  the  line  with  as  much  precision  aa  those  directly  upon, 
tbc  line,  without  taking  actual  measurements,  except  in  rare 
instances.  Tbceyeand  the  judgment  must  be  usually  depended 
on  for  distances  and  dimensions.  The  sketch  of  a  tract  es- 
tcnding  to  400  feet  cacli  side  of  tlie  line  ought  to  be  accurate 
enougb  to  warrant  its  being  copied  literally  upon  the  map.  It 
amtich  wider  range  is  required  it  may  Am  aA''W^\c\.i)'i'ic*a» 
plaae-lable;  liut  an  npproximatiim  to  p\aac-\a.\iV'i  inc'Cii'ai?, 
be  employad  in  ordinary  ekelcUing. 


i.<:i&'e,TiaM| 


273.  As  nrtiticial  features  are  the  most  readily  de- 

I  fined  aad  located  tliese  should  lirsC  rcceivo  attoniion  m  luakiuj; 
laBketclt.  When  recorded  tUej  form  a  skeleton  upon  wliicli 
I.  the  natural  featarea  caa  be  drawa  willi  more  precUioa  thaa  if 

vera  reversed.     I'lie  point  whore  eacli  fence  crossei 

II  Ibe  line  and  the  angle  between  tlie  two  nia;  be  HkeUihed  exucl- 
t  ly.  Tbe  distance  along  the  fence  Ifl  any  object  may  be  csti- 
%  mated,  and  checked  (in  case  of  an  oblique  angle)  by  obscrviug 
■  whore  a  line  from  the  object  perpendicular  to  the  centre  hne 

would  intersect  the  latter.  The  book  may  be  rested  on  any 
support,  the  centre-liue  of  the  page  coinciding  with  the  line  of 
survey,  and  the  direction  of  ohjecis  defined  by  a  small  ruler 
laid  on  the  page.  This  operation  being  repeated  from  another 
point  gives  lutcrscctioua  which  locate  tlie  several  objects  on 
the  aketctu  If  the  bearings  are  taken  they  may  be  plotted  oa 
the  page  OS  well  as  recorded,  giving  the  same  results.  The 
eye  may  be  trained  to  estimate  distances  correctly  by  oloerv- 
ing  the  appearance  of  objects  along  the  measured  hue,  the  dis- 
taacea  to  which  are  therefore  known. 

274.  After  the  artificial  objects  the  more  distinct  natural 
features  are  to  be  sketched,  as  streams,  shores,  margins  of 
swamps,  forests,  etc.,  ravines,  ridges,  and  bluffs,  taking  care 
that  nil  these  outlines  intersect  the  features  of  the  sketch 
already  delineated  at  the  proper  points.  The  correct  repre- 
BentatioQ  of  coutours  is  the  most  difficult  part  of  sketching, 
since  these  hues  are  quite  imitginary,  yet  for  railroad  maps 
they  are  usually  as  important  as  any  others.  It  is  desirable  to 
know  not  only  the  locality  of  a  hill  or  slope,  but  also  its  shapo, 
steepness,  and  height.  Tliis  information  is  best  given  by  con- 
tour lines.  A  cootour  is  the  intersection  of  the  surface  of  the 
ground  by  an  imuginary  level  surface.    When  the  surface  ia 

enl,  like  that  of  a  lake,  the  intersection  is  called  n  shore.     JtM 
e  water  should  rise  a  certain  height  a  new  shore  would  b 
Saed,  and  rising  double  that  height  still  another   shg|i 
!ald  resnlt,  each  of  which,  on  the  subsidence  of  the  wati 

I  contour.     A  practiced  eye  is  able  to  follow  oi 
toad  the  course  of  a  contour  with  all  its  wiudings;  but  1| 
r  them   due   allowance  mttal  \«  viuiie  iw  \!oii  t 
'■ninff  eSect  of  distance.     A.U  conVwuisou  \Vt 
'^d  have  the  same  vertical  "intet\o.\,  so  ttisX  Vs  ' 
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them  the  height  of  tliehiU  maybeknown.  The  spaces  oi 
BkelCh  between  contours  vury  us  the  cotangeut  of  the  slope 
angle,  so  that  the  witUU  o(  the  spaces  indicates  tlie  degree  of 
steepness.  The  contours  nearest  the  topographer  should  gone- 
rally  be  skctctied  ial,  altbougli  if  tliere  be  a  shore  ttiat  is  apt  to 
be'tbc  beat  guide  to  the  sbapcoftheslopes.  If  the  height  ol  the 
hitl  is  known  and  the  upper  contour  located,  the  other  contours 
can  l)e  spaced  between  with  less  diSlciiIty.  the  proper  number 
being  ascertained  hy  dividing  the  height  by  the  assumed  verti- 
cal interval.  A  S|K:cial  hne  of  levels  up  an  inclined  ravine  or 
sloping  ridge  to  fix  Ibe  contour  points  is  ofteti  of  the  greatest 
eerrico  in  obtaining  correct  results.  Other  random  lines  a 
sometimes  run  to  locale  the  contours  more  definitely.  These 
should  be  made  to  cross  several  contours  rntlicr  than  to  trace  a 
eiagic  one.  Old  preliminary  lines  which  have  proved  u 
mthemselves  often  furnish  by  their  profiles  valuable  informa- 
tion in  respect  to  contours. 

The  use  of  hatchings  should  be  avoided  in  the  sketch-book, 
except  to  represent  precipitous  banks,  or  slight  terraces,  which 
would  not  be  sultlcienEly  defined  by  the  contour  system. 
Hatchings  freely  used  consume  too  much  time,  andfail  togive 
kD  accurate  idea  of  either  slope  or  height,  while  tbey  obscure 
the  page  for  the  representation  of  other  objects. 

275.  The  centre  line  on  the  page  is  straight,  and  for 
sketcbing  purposes  the  surveyed  line  ou  the  ground  is  assumed 
to  be  aa  also.  Slight  deflections  in  the  course  of  apreliminary 
Ime  may  be  ignored  m  the  sketch;  but  if  a  large  angle  occurs 
it  is  better  to  terminate  the  sketch  with  the  course,  and  begin 
again,  leaving  a  few  blnnk  lines  between  the  two  sketches. 
On  a  located  line  with  curves,  the  sketch  is  continuous.  The 
curved  line  in  the  Held  is  represented  by  the  straight  line  on 
the  page,  and  the  radial  lines  through  the  stations  are  repre- 
BODted  by  the  parallel  lines  ruled  across  Ihe  page.  All  objects 
are  sketched  at  the  proper  offset  distance  by  scale  from  the 
centre  line;  but  longitudinally  the  sketch  is  necessarily  dimin- 
ished outside  of  the  ciirvc,  and  magniSed  mside  of  the  curve. 
Consequently  topographical  lines  which  ate  elTMgUVm.ViuA'S.v- 
pear  caryed  in  the  sketch,  concave  to  the  cenlic\vQft  v^^'^*'^^* 
Ihecurre.  and  convex  if  outside  of  it.  Sac\i  leaVviies. 
lectly  akeichcd  by  mcnaa  of  offaola  ealimatei  ot  \i«.>iaa*w 
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I  from  each  station  of  the  curve  on  the  radial  llaee.  This  Ic 
,  of  distortion  crwvtes  no  confusion  it  properly  done,  for  ii 
ing  ttie  map,  after  drawing  the  curve  and  the  radial  lines,  tha 
same  offsetswill  give  the  correct  positions  of  the  ohjects  delin- 
eated. Tliis  method  is  preferable  to  drawing  a  curved  line  on 
tlie  page  to  reproaent  the  centre  line,  as  it  is  difficult  to  draw 
it  correclly;  it  will  cross  the  ruled  linos  obliituely,  renderii  _ 
them  of  no  service  for  offsets  or  scale,  and  moreover  ia  likel^  ■ 
to  run  oB  the  page  altogether. 


CHATTER  Xn. 


AlXrOBTMENT   0 


is  made  hy  estimation,  the  test  must  always  be  repeated  until 
no  further  lack  of  adJuiitmenC  is  ohscrvahle. 

276.  THE  THANSIT. 

The  level  tabes  Bhonid  be  parallel  to  the 
veruicr  plate. 

Test :  Piaee  the  tubes  in  position  over  the  levelling  sorewa, 
and  turn  the  latter  till  the  bubbles  are  centred;  revolve  the 
plate  180°.  The  bubbles  should  remain  centred;  if  they  have 
retreated — 

Correction  ;  Bring  them  half  way  back  to  the  centre  hy 
turning  tho  adjusting  screws  which  altacli  the  tubes  to  tlie 


The  line  of  eolllmntlon  xlioiiUl  1>e  perpeodj 
|}tlar  to  the  horizontal  axis. 

:  Clamp  the  limh,  and  by  the  tangent  screws  bri^ 
e  intersection  of  the  cross-hairs  lo  cover  a  well-deflned  pod 
on  H  level  with  the  telescope;  plunge  the  telcscopej| 
□  the  opposite  direction,  nnd  note  any  point  about  o 
^Iwiih  the  (elescope  iind  nXmrA  e(\«\4iBMint  witli  the  fj 
bt  which  the  intersection  of  the  cvoBsi-\«i\ta  w 

Now  unckDip  tho  limb  anA  Vvito  WwoM^AStfj 
^t  the  above  operation,  uamgllie  same  jtTrt-ew^jjtfaj 


RAlJJL'rfTMKNT  OF    ISSTRUMESTS.  25X 

e  third  i>omt  obtained   sliould    be  idcnlical  witli   the 
i;  if  not— 
trrection  ;  Move  tbe  vertical  cross-hair  over  one  fourth. 
3  apparent  distanca  from  the  tbird  to  tlio  second  point,  b 
iurniDg  [be  adjusting  iicrcws  at  tbe  aide  of  the  telescope. 

I       The  horizontal  axis  should  l>e  parallel  to  the 
vernier  iilntc. 

Test ;  After  completing  the  nhoTe  adjuHtmcnla  level  the 

(limb,  clamp  it,,  and  bring  the  iuterseclion  of  the  croas-hnira  t 
cover  some  high  point  bo  that  the  telescope  may  bo  elevated  to 
a  large  angle;  depress  the  telesoope  and  note  Home  point  on 
i  ground  now  covered  by  tbo  intersection  of  llie  croas-ht 
Now  unclarap  tbe  limb,  turn  it  through  180°,  nnd  repent  the 
above  operation,  using  the  same  high  paint  as  before.  The 
I  third  poiDt  found  should  bo  identical  with  the  second;  if  not- 
Correction  :  R^iisc  the  end  of  the  axis  opposite  the  second 
point  (or  lower  tbo  other  end)  by  a  small  amo\iiit,  by  turning 
the  adjusting  screws  in  the  standard.  Tbe  amount  of  motion 
I  required  is  only  determined  by  repeated  trials  until  the  tea 
salislied. 

iThe  intersection  of  the  cross-hairs  should 
appear  iu  tlie  ventre  of  the  Held  of  view. 
Test  :  Bring  the  crnss-linira  into  focus  and  direct  tbe  tol&- 
acope  toward  tlie  sky.  or  hold  a  sheet  of  blank  paper  in  front 
I  of  il.  If  Ihe  mterscction  appear  eccentric — 
Correction  :  Turn  tlie  screws  (by  pairs)  which  support 
the  end  of  the  eyepiece  until  the  desired  result  is  obtaiaod, 

I  If  there  lie  H  level  on  the  telescope  it  should  he 
parallel  to  the  line  of  eullimation. 
Drive  two  slakes  equidistant  from  the  instrument  In  exactly 
(opposite  dlreotlonn,  and  having  perfected  the  previous  adjust- 
menta,  level  tlio  plate  carefully,  clamp  tlio  telescope  in  about 
a  horiionta!  position,  and  observe  a  rod  placed  on  each  stake. 
\  Have  the  stakes  driven  by  trial  until  the  rod  rends  alike 
J  tMth.  The  heads  of  the  slakes  are  tbcn  on  a  level. 
M  move  the  instnimcnt  beyond  one  stake,  ao(\  Bc\.  'rt.  w 
■  line  trith  the  tvm.  leva]  the  plate,  and  eievftle  o^  6«-^Te 
W  ii-Ieacope  to  a  poniiiiin  which  will  agnin  give  ei\vn^  veafliTd 
"II  Uie  Btakei.     The  iiiic  of  colliinatiQU  is  uo-w  la-^A — 
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Test:  While  in  thii;  posicloa  tbe  bubble  of  tbe  attached 
level  should  aland  centred;  if  not — 

Correction :  Bring  the  bubble  to  the  centre  by  turning 
Uie  nuta  at  one  end  of  the  tube,  while  the  cross-hiur  continuea 
lo  give  equal  readings. 

277.  THE  Y  LEVEL. 

The  line  of  coUiniation  sliould  coincide  with 
tbe  axiH  of  the  telescope. 

Test ;  Clamp  tUe  spindle,  and  bring  tbe  intersection  of  tlie 
ccosB-hairB  to  cover  a  well-deflned  poiot  by  tho  tangent  and 
levelling  actewa;  revolve  the  telescope  half  ovec  in  the  Ys,  bo 
that  the  level  tube  is  on  top.  The  intcracctiou  of  the  cross- 
hairs should  still  cover  the  point.    If  either  hair  hoa  deparled — 

Correction  :  bring  it  half  nay  hack  by  means  of  the  pair 
of  adjusting  screws  at  tbe  extrciiiities  of  the  other  hair. 

The  attached  level  should  he  parallel  to  the 
axl»  of  the  telescope. 

Test ;  Bring  the  telescope  over  one  pair  of  levelling  screws, 
clamp  the  spindle,  open  tbe  clips,  and  bring  the  bubble  to  the 
centre.  Then  gently  remove  the  telescope  from  the  Ys,  and 
replace  it  end  for  end.  IE  the  Ys  have  not  boen  disturbed,  the 
bubble  should  return  to  the  centre.     If  it  does  not — 

Correction  ;  bring  Hie  bubble  half  way  back  by  tumiiig 
the  nuts  at  one  end  of  the  tube. 

But  as  now  the  level  tube  and  telescope  may  only  lie  io 
parallel  planes,  and  yet  not  t>o  parallel  to  each  other — 

Test:  bring  the  bubble  to  the  centre  as  before,  and  turn 
the  telescope  on  its  axis  so  as  to  bring  the  level  tube  out  to  one 
side.    Tlie  bubble  should  remain  centred.    If  it  has  deparleii^ 

Correction  ;  bring  it  back  to  the  centre  by  the  adjusting 

The  axis  of  the  telescope  should  he  at  ri^fl 
~«Dy:le»  tu  the  spiudle. 

I  TeHt :  Having  completed  the  above  adjustments  {and  n 
^ore),  fasten  down  tbe  clips,  unclamp  the  spindle,  and  bring 
'lO  bubble  to  the  centre  over  each  pair  of  levelling  screws  in 
I,  then  swing  tlie  telescope  end  for  cad  on  the  spin- 
Tlio  bubble  should  selUe  at  l\ic  cenlTc.    \l  \'.  " 
■■Correefcion  ;  bring  it  half  way  \mcW^  \.'tto  \i 
^  end  of  tbe  bar. 


idi9 
.  bring 
cwsin 
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278.  THE  THEODOLITE. 

This  instrument  being  a  combination  of  Transit  and  Level, 
its  several  adjustments  are  to  be  made  according  to  the  rules 
already  given  for  those  instruments. 


CHAPTER  Xni. 

Explanation  of  Tables. 

Table  I. — Contains  concise  statements  of  such  geometrical 
truths  as  are  applicable  to  the  various  discussions  in  this  volume. 
References  are  given  to  Davies*  Geometry,  in  which  the  demon- 
strations of  the  propositions  may  be  found. 

Table  II. — Contains  all  the  formulae  necessary  to  the  solu- 
tion of  any  plane  triangle;  also,  a  select  list  of  miscellaneous 
formulae.  A  few  formulae  with  respect  to  the  versed  sine  and 
external  secant  are  new. 

Table  III. — Contains  a  complete  list  of  formulae  expressing 
the  relations  between  the  radius,  tangent,  chord,  versed  sine, 
external  secant,  and  central  angle  of  a  railway  curve;  also,  the 
relations  between  the  radius,  degree  of  curve,  length  of  curve, 
and  central  angle.  The  notation  is  identical  with  that  used 
elsewhere  in  the  book. 

TABiiE  IV. — Contains  the  radius,  and  its  logarithm,  for  every 
degree  of  curve  to  single  minutes  up  to  10  degrees,  and  thence 
by  larger  intervals  up  to  50  degrees.  With  the  radius  is  given 
also  the  perpendicular  off -set,  t,  from  the  tangent  to  a  point  on 
the  curve  at  the  end  of  the  first  100-foot  chord  from  the  tan- 
gent-point, and  the  middle  ordinate,  m,  of  a  100-foot  chord. 
Bee  eqs.  (16,  34,  37,  40,  and  805). 

Table  V. — Contains  the  corrections  to  be  adde^  \.o  >ODft.\scoL- 

genU  BDd  externals  of  any  railroad  curve,  as  o\>\«ATi'fe^\il  x^^^- 

j^eaee  to  Table  VL,  according  to  the  degree  ol  >iX\e  ^NCVi^eNsx^^ 

Ctband  at  bead  of  columns),  and  its  central  aaft\e,  VJloxxx^^  Vo.  ^ 
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first  column.)  If  tlic  giren  degree  of  curve,  or  central  angle, 
does  not  appear  in  tliu  table,  tbe  exact  vatite  of  the  correction 
may  bo  easily  obtwned  by  interpolation. 

Table  VI. — Contains  the  esaet  values  of  tbo  tangenta,  T, 
and  oxteraals,  E,  to  a  1  decree  curve,  for  every  10  uiiiiulea  of 
central  angle,  from  1°  to  1SU°  50'.  Approximate  values  of  llie 
taogeiit  and  external  to  any  otliur  degree  of  curve  may  bo  had 
by  Huuply  dividing  tbe  tabular  values  opposite  tlie  given  cen- 
tral angle  by  tbe  given  degree  of  curve,  expressed  in  degrees. 
TteaeapproximaiionaniBybe  made  exact  by  adding  tlio  proper 
corrections  taken  fi'um  Tabic  Y.     See  eqs.  (31)  and  (24). 

Table  VII.— Contains  the  value  of  Long  Chords  of  from  3 
to  13  stations,  for  every  10  minutes  of  degree  of  curve  from  0° 
to  15°,  and  of  alcas  number  of  stations  for  degrees  of  curve  be- 
tween 15°  and  Sl)\  As  the  chord  of  one  station  is  always  100 
feet,  the  column  of  the  first  station  gives  instead  the  IcDglli  of 
arc  subtended  by  the  chord  of  100  feet.  See'§§121, 123,  183, 
1S4, 125. 

Table  VUI. — Contains  the  values  of  Middle  Ordinates  to 
long  chords  of  from  3  to  13  stations,  for  every  10  nduutes  of 
d^ree  of  curve  from  0°  to  10°,  and  of  from  2  to  6  stations  for 
every  curve  from  10°  to  20',  at  10-raioute  intervals.  The  table 
may  t>e  used,  not  only  to  fix  the  middle  point  of  an  arc.  but 
also,  in  conjunction  with  the  table  of  long  chords,  to  locale  in- 
termediate stations.     See  g§  121,  123,  133,  134,  125. 

Table  IX. — Contains  the  cliords  of  aecries  of  angles  vary- 
ing by  half  degrees  up  to  30°  for  radii  varying  by  100  fe 
.1000  feet.  It  sbowa,  therefore,  the  linear  opening  Ixstwet 
~ie  extremities  of  two  equal  lines  at  any  giveu  number  of  iiija 
d  feet  from  their  intersection,  when  the  angle  does  notW 
W.  For  any  distance  exceeding  1000  we  lisve  onIj,9 
a  the  value  found  in  that  culiimu,  the  value  found  ii 
a  iieaded  by  tbe  exce^  of  distance  over  1000  feet 
',  the  table  gives  the  augn^fit  deBettioQ^w\vnie4  betm 
jiial  lines,  in  order  llmt  b,1  a  pvetiiUfltoiiiie\tQm.\"iaa'^« 
t  iaiemectioa  they  may  be  separated  a  E^'-cvia.TOWBA. 
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Table  X. — 1.  Contains  values  of  the  ratio  w  =  — ,  accord- 

A 

ing  to  the  notation  of  §  147  for  finding  the  angle  i  (Fig.  34) 
between  the  radius  PO  of  the  curve  at  any  point  P,  and  the 
tangent  PK  to  the  valvoid  arc  PX  by  the  simple  formula 
eq.  (80)i  =  i^A.  The  table  embraces  lengths  of  curve  from 
300  to  2000  feet,  and  central  angles  from  10°  to  120°. 

When  =  60°  u  =  \,  and  for  hasty  approximation  this 

lUUU 

value  of  u  may  be  assumed  in  any  case  without  consulting 
the  table. 

2.  Contains  values  of  the  ratio  v  =  —  for  finding  the  radius 

of  the  valvoid  arc  at  the  point  P  (Fig.  35)  in  terms  of  the 
length  of  curve  L  =  AP  by  the  simple  formula,  eq.  (82), 
r  =  vL. 

3.  Contains  values  of  the  length  l^  of  a  valvoid  arc  limited 
by  two  curves  of  equal  length  laid  out  from  the  same  tangent 
and  same  P.  C,  but  whose  central  angles  differ  by  1".  The 
length  L  of  each  curve  is  given  in  the  first  column,  and  the 

(A  '  -1—    A  "  \ 
— ^~ I  is  given  at  the 

head  of  the  other  columns. 

When  the  central  angles  of  two  curves  of  equal  length 
differ  by  x  degrees  the  length  I  of  the  valvoid  arc  joining 
their  extremities  is  expressed  by  the  simple  formula.  Fig.  36, 

eq.  (86)  ?  =  P'P''=(A'-  A');, 

A  '  —I-   A  ' 

in  which  I,  is  taken  from  the  column  headed  by ~ 

and  opposite  the  given  value  of  i;or  l^  is  found  by  inter- 
polation if  necessary.     See  §  150  and  example. 

Table  XI. — Contains  the  measurements  necessary  to  lay 
down  a  turnout  with  frogs  of  given  numbers  or  angles  for 
both  a  standard  and  a  three-foot  gauge.  The  distance  BF  is 
measured  on  the  rail  of  the  given  track  from  the  heel  of  the 
switch  to  the  point  of  the  frog,  while  of  is  the  chord  ot  IVil'^ 
centFC  line  of  the  turnout  between  the  &aixie  '^omV'a».  Tvjka 
radius  r  applies  to  the  centre  line  of  tlie  txiTnowX..  ^^^fe  ^'^^- 
Uujce  aJF"  is  measured  on  the  centre  line  oi  tbfi  aU^§^i^.^"t^*^ 


from  the  heel  of  the  switch  lo  the  point  of  tlio  middle  froj 
Tlie   IcDgtIi   of   Hicitch  AD  should  conform  to  the  tabula 

ilreiues  udIcss  the  tlirow  is  to  l)e  diSercnt  from  that  Bsaumei 
|i  the  tahie.    See  g§  180,  181,  182. 
.   T 


Table  XII.— Contains  llio  middle  ordinnteaof  chorda yarj^ 
length  from  10  to  82  feet,  and  for  degrees  of  curve 
from  1°  to  50".   The  u^  of  the  table  is  obvious.  See  %  19^ 


.    Table  XIIL — Gives  the  proper  difference  in  elevation 
rails  on  curves  of  various  degrees  from  1°  to  50°  for  veloct- 
tica  varying  froni  10  to  60  miles  per  hour.    See  gSOl. 

Table  XIV. — Gives  the  rise  of  grades  iu  feet  per  mile  and 
tlieir  angle  of  iuclination  currcspuuding  lo  a  rise  per  statioA 
<10O  feet}  varying  from  0.01  foot  lo  10  feet. 

Table  XV. — Contains  values  of  the  formula  (log  A  — 
00384,3  iu  which  h  =  reading  of  the  barometer  in  inches.  T 
inches  and  tenths  of  the  readings  are  in  the  left-hand  colui 
while  tlie  hundredths  nre  found  at  the  top  of  the  other  coliimni 
The  difference  of  any  two  values  corresponiiiog  to  t 
ings  fallen  simultaneously  at  any  two  stations  is  the  diScv 
euce  in  elevation  in  feet  of  those  stations.  But  the  differ 
enci!  iu  height  so  found  is  subject  to  a  correction  for  tempera 
turc  given  in  the  next  tublc.     See  g  10. 

Table  SVI. — Contains  coefficients  of  correction  for  atmoS 
plieric  temperature,  by  which  the  approximate  lieights 
tained  by  Table  XV.  are  to  be  muitiplied  for  a  correction  0 
these  heights,  which  correction  is  to  bo  added  or  subtracts 
according  as  Hie  coefficient  given  in  the  table  is  markei 
_   -for-.     See  §11. 

Table  XVII. — Contains  corrections  in  feet,  required  by  tl 
vature  of  the  earth  and  Hie  refraction  of  the  atmosphere,  t 
e  applied  to  the  elevation  of  a  distant  object  as  obltuned  by  I 
r  theodolite  observation  for  distances  rau^g  froii 
0  feet  to  10  iniJes.     See  §  119, 

Table  XVIll. — Containa  ttio  coefficve-ava  ^ot  -ce&'OtJa^ 
I  vertical  rod  iHtercepleA  ts  ^^^  6\afliB.'"Mi»»i 
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the  line  of  collimation  is  inclined  to  the  horizon,  to  the  space 
that  would  be  intercepted  were  the  line  of  collimation  horizon- 
tal ;  provided,  that  the  visual  angle  0  defined  by  the  stadia  hairs 
is  such  that  tan  ^0  =  .005  or  0  =  0'  34'  22\63,  which  is  its 
customary  value  in  surveying  instruments.  The  angle  of  in- 
clination a  is  taken  at  every  10  minutes  through  half  a  quad- 
rant. 

Table  XIX. — Conlains  the  logarithms  of  the  coefficients 
given  in  Table  XVIII. 

Tab  LB  XX. — Gives  the  lengths  of  circular  arcs  to  a  radius 
=  1. 

To  find  the  length  of  any  arc  expressed  in  degrees,  minutes, 
and  seconds,  take  from  the  table  the  lengths  of  the  given  num- 
ber of  degrees,  minutes,  and  seconds  respectively,  and  multi- 
ply their  sum  by  the  length  of  the  radius.  The  product  is  the 
length  of  arc  required. 

•  Table  XXI. — Contains  the  values  of  minutes  and  seconds 
expressed  in  decimals  of  a  degree,  for  every  10  seconds  of  arc, 
and  also  for  quarter  minutes  up  to  one  degree. 

Table  XXII. — Contains  the  values  of  inches  and  fractions 
expressed  in  decimals  of  a  foot  for  every  32d  of  an  inch  up  to 
one  foot. 

Table  XXIII. — Contains  the  squares,  cubes,  square  roots, 
cube  roots,  and  reciprocals  of  numbers  from  1  to  1054  Its 
use  may  be  greatly  extended  by  observing  that  if  any  number 
is  multiplied  by  n  its  square  is  multiplied  by  7i*,  its  cube  by 

n},  and  its  reciprocal  by  — . 

Table  XXIV. — The  logarithin  of  a  number  consists  of 
two  parts,  a  whole  number  called  the  clia/racteristic,  and  a  deci- 
mal called  the  mantissa.     All  numbers  which  consist  of  the 
(same  figures  standing  in  the  same  order  have  the  same  man< 
tissa,  regardless  of  the  position  of  the  decimal  point  in  the 
number,  or  of  the  number  of  ciphers  wMcb.  ptec^^'Si  ox  Ic^or^ 
the  signiffcant  tigurea  of  the  num])er.    The  va\v\^  ol  W\ek  Oasax- 
scteiistJc  depends  entirely  on  the  posilloa  ol  t\ie  decvcaaX^ovoX 
la  the  number.     It  is  always  oiio  Icjsa  tViaw  \Vi€>  xwirftNaex  ^ 


FIELD   ENGi:irEEBlNG. 

figures  in  the  number  to  the  left  of  tlie  decimal  poin I 
Talue  ia  llierefure  liiminisUcd  by  one  every  time  tlie  dociint 
point  of  llic  uuuibcr  la  removed  one  pliuMl  to  the  left,  and 
iKTsa.     Thus 


'3 


.0U12M4 


4  l'in:i;i 

3.]411ii3 

2.14113a 

1.141133 

0.141130 

—1.141130 

—3.141188 

—3.141 186 


The  mantissa  Is  always  poattive  even  when  the  ch&ractetiBtl 
fa  negative.  We  may  avoid  tlio  use  of  a  negative  characteristic 
by  arbitrarily  aildlng  10,  which  may  be  uoglocttd  at  the  close 
of  the  calculation.    By  this  rule  we  have 

Number.  Logarithm.. 

1.334  0.141136 

.1384  9.141138 

.01384  8.141138 

.001384  7.14113(1 

No  confusion  need  arise  from  thia  methoil  iu  finding  a  numbei 
from  its  logarithm;  for  although  the  luguriibm  6.141136  repni- 
senlseither  the  number  1,384,000,  or  the  det'lmul  .0001384,  yet 
these  are  bo  diverse  la  their  values  that  we  uin  never  be  uncer- 
tain in  a  given  problem  which  to  adopt. 

The  table  XXIY.  contains  the  mantissas  of  logarithms,  car- 
ried to  sis:  places  of  decimals,  for  numbers  between  1  and  9D0e, 
inclusive.     The  first  three  ligiires  of  a  number  are  ^vea  in  the 
first  column,  the  fourth  at  the  top  of  the  other  columns.    The 
^llrst  two  figures  of  the  mantissa  are  given  only  iu  the  second 
Olumn,  hut  these  are  iinilerslood  to  apply  to  the  remainiag 
'figures in  either  column  following,  which  are  comprised 
bjBtwcuQ  the  same  liarl?:oDtal  lines  with  the  two. 
['  If  a  number  (after  cutting  off  the  ciphers  at  either  end)  eon- 
^ta  of  not  more  than  four  figures,  the  mantissa  may  be  taken 
ectfrom  the  table;  but  by  inli;rpo\u,t\on  \.\w  An^ritlun  of  a 
tober  haviag  six  figures  may 'be  d^ilainei-   t^«iNo*.ciJsffl»[_J 
^tsfoa  lii8  averago  difference  ot  cuoew.'S.vio  "V 
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the  same  line,  but  for  a  given  case  the  difference  needs  to  be 
verified  by  actual  subtraction,  at  least  so  far  as  the  last  figure 
is  concerned.  The  lower  part  of  the  page  contains  a  complete 
hst  of  differences,  with  their  multiples  divided  by  10. 

To  find  the  lograrithin  of  a  number  having  six 
figures :— Take  out  the  mantissa  for  the  four  superior  places 
directly  from  the  table,  and  find  the  difference  between  this 
mantissa  and  the  next  greater  in  the  table.  Add  to  the  man- 
tissa taken  out  the  quantity  found  in  the  table  of  proportional 
parts,  opposite  the  difference,  and  in  the  column  headed  by  the 
fifth  figure  of  the  number;  also  add  yV  the  quantity  in  the  col- 
umn headed  by  the  sixth  figure.  The  sum  is  the  mantissa 
required,  to  which  must  be  prefixed  a  decimal  point  and  the 
proper  characteristic. 

Example.— Find  the  log  of  23.4275. 

For  2342  mantissa  is  369587 

*'    diff.  185  col.  7  129.5 

"       ii       **     M    5    ^  9^2 


Atis.  For  23.4275  log  is    1.369726 

The  decimals  of  the  corrections  are  added  together  to  deter- 
mine the  nearest  value  of  the  sixth  figure  of  the  mantissa. 

To  find  the  number  corresponding  to  a  given 
logarithm. — If  the  given  mantissa  is  not  in  the  table  find  the 
one  next  less,  and  take  out  the  four  figures  corresponding  to  it; 
divide  the  difference  between  the  two  mantissas  by  the  tabu- 
lar difference  in  that  part  of  the  table,  and  annex  the  figures  of 
the  quotient  to  the  four  figures  already  taken  out.  Finally, 
place  the  decimal  point  according  to  the  rule  for  characteristics, 
prefixing  or  annexing  ciphers  if  necessary.  The  division  re- 
quired is  facilitated  by  the  table  of  proportional  parts,  which 
furnishes  by  inspection  the  figures  of  the  quotient. 

Example, — Find  the  number  of  which  the  logarithm  is 
8.263927  8.263927 


First  4  figures  1836  from 

263873 

Tabular  diff.  =  236 

Diff.          54.0 
5th  fig. -2          47.2 

6t.h  fiff .  =  ^             1  .^^ 

^JM.  No.  =.0188623  or  183,623,000. 


igaritlim  1b  nut 


TliB  number  derived  from  a  al 
reliable  l>eyond  the  sixth  flgiiri:\ 

At  tliQ  eud  of  Iabli2  XXIV.  is  a  small  table  of  lo^ritbms  ot 
numbers  frnra  1  to  100,  willi  the  characterislic  prefixed,  fur 
easy  refereuce  when  the  given  cumber  doiB  not  exceed  l«() 
digtta.  But  the  same  luuuliasaa  laity  be  found  in  the  larger 
table.  j 

Table  XXV.~Thc  logarithmic  sine,  tangent,  I 
etc.  af  an  arc  is  tUe  logaritlim  of  the  natural  sine,  tacgeat,  i 
el£,  of  the  same  arc,  but  with  10  ailded  (o  the  characteristic  to  I 
Avrjiil  tieiratives.  This  table  gives  \ag  sinee,  tanfrents,  Qoslnee,  I 
and  cotangentB  Cor  every  iniiml*  of  the  cjnadrant.  With  tha  i 
Qucnber  of  degrees  at  the  left  side  of  the  page  are  to  bo  read  | 
Ihe  minutes  in  the  left-haad  column  ;  with  the  deip'cca  on  | 
the  righl-hand  side  are  to  bo  rend  the  minutes  iu  the  rlgiit-hatid  | 
column.  When  the  degrcea  appear  at  the  top  of  the  page  Ihe  • 
lop  headings  must  be  observed,  wheu  at  the  Lollum  those  al  I 
liie  bottom.  Siuce  the  values  found  for  area  in  tlio  first  quad-  | 
rant  are  duplicated  iu  the  second,  the  degi-ees  are  given  from  i 
0°  to  ISO".  The  differences  in  tlie  logarithms  due  to  a  change  I 
of  one  secoud  ia  the  arc  are  given  in  ndjointng  columns.  J 

To  flud  the  lo^.sin,  cos,  tan,  or  cot  of  a  giveaJ 
arc. :  la.ke  out  from  the  proper  column  of  the  tabic  the  lo|H 
arithia  corrcspoading   to  the  given  number  of  degrees  EtufS 
minutes.     It  there  be  any  seconds  multiply  them  by  the  ad- ^ 
Joining  tubular  difference,  and  apply  their  product  as  a  cor- 
rection to  the  logarithm  already  taken  out.     The  correction  ia 
to  be  added  If  the  logarithms  of  the  table  are  incrcnslng  with 
the  angle,  or  suitracM  If  they  are  decreasing  as  the  angle  lo- 
creasea.    In  the  first  quadrant  tlm  lug  slues  and  tangents  in- 
crease, and  the  log.  cosines   and  cotangents  decrease  oa  Uio 
angle  increases, 

Mcampte.—FloA  Ihe  log  sin  of  9°  28'  20'. 

Log  sin  ot  9°  38' Is  9.21SO07 

Add  correction  30  X  13.93  352 

Am.  8.216349 

•Find  the  log  cot  of  9°  38'  20'. 
Log  entail  of  9^  38'  la  \*1,11T048 

Subtract  correction  21)  xl^.^T 


To  find  the  ati^le  or  nrc  corresponding  tu  a 
g'iven  lo^arithniie  sine,  tangent,  cosine,  ur  co- 
tangent.— If  Llie  given  lo^'ariltim  is  fuiind  in  the  proper 
column  tukc  out  IJic  ilegruee  and  minutes  directly;  if  not,  tad 
Ilia  two  consccuttvQ  logaritbnia  betweea  which  the  givcMi 
logETitlun  would  fall,  und  adopt  that  one  which  corresponda  to 
the  least  Durotwr  of  minulas;  which  uiinutta  take  out  with  Ihe 
degrees,  and  divide  the  difference  between  tills  logunthm  and 
tiie  given  one  by  the  adjuining  tabular  difference  for  a  quo- 
tient, which  will  lie  the  required  number  of  aecouds. 

With  lognnthma  to  six  places  of  decimnla  the  quolient  is 
□ot  reliable  beyond  the  tunlh  of  a  aecoo  J, 

Smm/ifc.— 9.383731  ia  the  log  tan  of  what  angle? 
Next  leei  9.383882  gives  13'  30' 

Diff.  40,00 -!-a.20=  05'.8 

Am.     13°  36'  05'.3 

Ej^mpU.—Q.24mm  is  the 
Next  greater  583  gives 

DiB-  335  +  11,87=  20M 


Ann,     79'  40  30M 

The  above  rulea  do  not  apply  to  the  first  two  pages  of  thia 

table  (c.ioept  for  the  column  lieaded  cosine  at  lop)  because 

here  the  dilTerencea  vary  ko  rapidly  that  interpolation  made  by 

Ihem  in  the  usual  way  will  not  give  exact  resulla. 

On  the  first  two  pages,  the^rsf  column  contains  the  number 
of  seconds  for  every  minute  from  l'toS°',  the  minutes  are 
given  in  the  aeeond,  the  log,  sin.  in  the  third,  and  in  tliefiiurtk 
are  the  last  three  figures  of  a  logarithm  which  Is  llie  difference 
between  the  log  ^n  and  the  logarithm  of  llie  number  of  sec- 
nnda  in  lliu  fii'91  column.  The  first  three  figures  and  lliu  char- 
nclerlsllc  of  this  logarithm  are  placed,  once  for  all,  at  the  head 
iif  Ihe  column. 

To  tluA  the  log  sin  of  nn  arc  less  than  2°  given 
to  seconds.— Reduce  the  given  arc  to  seconds,  and  lake  the 
logarithm  ot  the  number  of  seconds  from  the  tablu  ot  V^'^ 
rithmih  and  6idd  to  this  tlio  logarithm  ttom  tt\e  IqutW  cjAnyckb. 
opfxisile  tho  aime  number  of  seconds.     T\io  suvaiA  V\\ft\"f,««' 


I>  pcil<Ltioii  of  the  lost  tlgurc,  to  make  i 
li  given  number  ot  seconds. 

Exampk.. — Find  tiie  log  siu  o(  1°  ■ 
r  39'  U'A  =  5954',4 


jorrpspoud  (.■losely  to  tlie 


Log  tangents  of  sma!!  a 


add  (g  -  0  4.685510 
Ans.  tog  sin  8.4G0353 
'c  found  in  tbe  aanm  way,  only 


53'  85- : 


I 


k  taking  Ihe  laat  four  figurea  of  (g  —  I)  from  tliejf///(  colui 
—Find  the  log  tan  of  0°  5! 
=  (3130-  +  85-)  ^  3155" 

Am.     log  In 

To  find  the  lo^  cotant^ent  of  an  an^le  less  than 
2°  giveil  to  se»!OU<is.^Takij  from  tlic  coiumn  Leaded  ( q-\- 1) 
tlie  logarithm  corresponding  to  tlie  given,  angle,  interpolating 
for  the  last  flgiiro  if  norussury,  and  from  this  miblract  the  loga- 
rtttini  of  tlie  number  of  euconds  m  the  given  atigle. 

Keample.—Fiai  the  log  eotau  of  I"  44'  22'.5. 

g  +  n 
6340'  +  32".5  =  6262.5  log 


Am 


11.517544 


Tlieao  two  pages  may  be  used  in  the  same  way  when  t 
^ven  angle  lies  between  88"  and  92' .  or  between  178°  and  18G 
but  if  the  number  of  degreesbe  foundatthe&'ftowot  lliopi 
the  title  of  each  colunia  will  bo  found  there  also;  and  If  tl 
number  of  degrees  bo  found  on  tbe  rig/il  htintl  aide  of  the  png^|il 
tbe  number  of  minules  must  be  found  in  llie  right,  LanU  a  ~ 
umn,  and  Binco  here  tbe  nuuutea  inercttse  upward,  the  a 
of  seconds  on  ttis  same  line  in  the  first  column  must  be  dUa 
hhed  by  the  odd  Beconils  )n  the  given  angle  to  obtain  the  uufS 
ber  whose  logarithm  Is  to  be  used  with  {'i±l)  lukea  from  li 


-Find  the  log  cos  of  8S°  41'  12'.5 


4740-~12-.5^  4727.5 
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iiiJ  tlie  Ing  tan  of  90'  Sff  50". 

q  +  l  15.314413 

'■  =  laSO"  log_3.2«TlT3 

Atu^.    T3.(M734l 

To  Dud  tlie  arc  correspond  in  $;  to  a  ^ivcn  log 
Rin,  etm,  tail,  or  uotaii  wliicli  tUlU  witliin  tite 
limits  of  the  first  two  ^ages  nt  Tultle  XXV. 
Fiud  in  tha  proper  coluiuii  two  conaecutivo  logarithma  be- 
twuiin  wUich  tUo  given  l<ij;aritlini  f;tlls.  If  IliB  title  of  the 
given  function  is  found  at  1  lie  top  ol  thnt  column  read  the 
dcirreus f rom  tku  top  ot  tliu  page;  if  at  tliu  bottom  read  from 
I  lie  bottom. 

Find  tlio  value  of  (g  —  I)  or  (7  -\- 1),  as  tlio  civae  may  require, 
correaponding  to  the  given  log  (iuterpolating  for  tlie  la^t  tigurs 
lEuecoasary).  Tlioa  it  ?  =  given  logaad  I  =  log  of  number  of 
seconds,  n,  in  the  required  arc,  wa  iiave  at  onco  (=  ;  —  {3  —  i) 
or  i  =  ('/-|-^  —  I],  wiieiiconls  easily  found. 

Fiud  in  the  fir^t  column  two  cousecutivc  qiiantitiea  between 
which  the  number  n  falls,  and  if  the  degrees  are  read  from 
the  left  hand  side  of  the  page,  adopt  the  leia,  take  oat  the 
minutes  from  the  second  column,  and  take  for  the  seconds 
the  difference  between  the  quantity  adopted  and  the  number 
n.  But  if  the  degrees  are  ve*d  f  r.iin  the  rii/ht  hand  side  of  the 
page,  adopt  the  greater  quantity,  kike  ont  the  minulea  on  the 
same  line  from  the  right-hand  column,  and  for  the  seconds 
take  the  difference  between  the  number  adopted  and  the  num- 

i^mpi!.— 11.734303  is  the  log  cot  of  what  arc? 

'/  +  (  15.314376 

g  11.734288 

.-.      7;.=  3802.8  3;5«0i08 

For  1°  adopt      3780.         giving  03' 

DilfereDce  S3'.8 

Am.  r  08'  33'.8  or  ITS"  50'  37'.3. 
A'jantpic.— a.2017B5  is  the  log  coa  of  what  are! 

'/  "  I  4.685568 

1  ^:J017«5 

.■.     n=  32sa'.8  asieasa 

For  80°  adojU      33UU.       giving  05' 

Differeoce  17'.  2 

^a*  SC^iM'ir'.aorflO"  S4'43-,8. 


J 


,LD   ESQINEERING. 


Bines  and  sg^H 
inC,  -with   tuH 


Tablb  XXVI. — Contains  logarithmic  versed  sines 
feroBl  BecantB  for  every  minute  of  tlio  quadrant, 
difEereiicea  of  tlie  saine  corresponding  to  a  eliiinge  of  1  second' 
iu  tlie  arc  or  angle.  Interpolation  for  seconds  is  made  in  tbc 
sama  manoer  as  with  log  situs  of  tiio  preceding  table,  except 
tm  the  fir jt  two  pages.  For  angles  less  tlkan  4"  the  differences 
vary  so  rapidly  that  interpolation  by  direct  proportioa  will  not 
give  exact  values. 

On  Ilia  first  two  pages  the  column  headed  q  —  21  contains 
the  difEorenco  batweun  the  log  veraed  sine  (or  log  ox  secaui)  of 
an  arc  and  twice  the  logarithm  of  the  number  of  seconda  in 
sumo  arc.  The  characteristic,  and  first  three  decimals  (9. 
are  common  to  all  the  logarithms  in  theso  columns  up  to  8°  IV 
(or  log  vurs  sinea,  wliere  it  clianges  to  (0,OS9),  as  shown 
foot  of  the  columa;  and  up  to  4 '  for  1o^  ex  secants,  where  it 
changes  to{9.0TI).  At  the  piiiat  of  change  acipher  is  replaced 
by  tlie  mark  *  to  call  attention. 

To  find  tlie  log  vers  sin,  or  Ids'  ex  sec  of  an 
&ngl*)  given  to  seconds.— Reduce  the  angle  to  seconds, 
take  the  logarithm  of  tills  number,  multiply  it  by  2,  and  add 
the  product  to  the  logarithm  in  the  column  (q  —  3')  found  op- 
posite the  given  angle.  The  log  (q  —  21)  should  he  corrected 
hy  interpolation  for  the  fractional  part  of  a  minute  in.  the  given 
angle. 

Example.^'Wha.t  is  the  log  ex  secant  of  3'  14'  43'.T! 
2°  U'  43-.7  =  8040-  +  43.7  =  SOSS'.T      log  3.007810 


To  find  tlie  nrc  corresponding  to  a  Given  ld| 

vers,  or  log  ex  sec— Find  in  tlic  column  of  log  vers,  J 

log  ex  sec  the  two  values  between  which  the  given  log  faf 

and  take  out  from  the  column  {q  —  2l)  the  logarithm  ci 

ponding  to  thu given  log  (interpolating  for  the  value  of  theBJ 

Sgaro if  nocesaary).     Subtract  UiU  !tom  ttve  ^^cn.Iogarm4 

ami  divide  hy  2.     The  quolicnl  \a  \,\m  V)^M'.^-'ttnl.  ol 

iicr  ofaeconda  in  (lie  required  arc. 
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BaoamvpU, — 7.344728  is  the  log  vers  of  -what  arc? 

q  7.344728 

3°  48'  +  fe  -  20  9.069960 

2)8.274768 

13720*.  9  ,'.     I       4.137384 

13680. 


An».     3°  48'  40'.9 

To  find  the  lo^  ex  sec  of  an  arc  ^eater  than 
88"  griven  to  seconds. — Take  from  the  column  (g  +  O 
the  logarithm  corresponding  to  the  given  arc,  interpolating  for 
the  fraction  of  a  minute.  From  this  subtract  the  logarithm  of 
the  number  of  seconds  in  the  complement  of  the  given  arc. 

.EwMwpfe.— What  is  the  log  ex  sec  of  88°  24'  20'.5? 
For  88°  24'  q-\-l  15.302183 

CJorrection  129  X  ~-=  44 

n  JL.I        15  302227 
Comp.  88°  24' 20'.5  =  5739'.5  log    3.'758874 

Ans,    log  ex  sec  11.543353 

To  find  the  angle  corresponding'  to  a  given 
log  ex  sec  when  the  angle  is  greater  than  88°. — 

Find  in  the  table  the  two  consecutive  log  ex  secants  between 
which  the  given  one  falls,  and  then  find  by  interpolation  the 
value  of  the  log  (^  +  0  corresponding  to  the  given  log  ex  sec 
and  subtract  the  latter  from  it  The  difference  will  be  the 
logarithm  of  the  number  of  seconds  in  the  compieTnent  of  the 
required  angle,  which  is  then  easily  found. 

Excunple, — 11.924368  is  the  log  ex  sec  of  what  arc? 

Given  log  ex  sec  11.924368 

Next  less  11.918290  q  +  l        16.309225 

Diff.  6078 

9352  -    9225   _  ^^„^  ^ 

^^™^*^^^  =  29141  ~  18^90-  X  ^^^^  =  ^ 

Given  lo^  ex  sec  W^^i^^ 

0"  40' 26\2  =  2426\2  .-.    \ott    ^.^^s^®?^ 


H     Table  XXVII,— Contains  natural  ai 

K  p]a4.'ca  lit  dccimalB  for  (^vi^ry  minute  uf  tlie  qundrunt.  Corm 
^Ktluna  for  fractions  of  a  minute  arc  mode  directly  proportloc 
^Mto  tija  difFiTence  of  consecutive  valuua  in  the  table;  posiiit 
^B'Yor  sines,  negative  for  cosines. 

^B     Tablb  XXVIII- — Cont^D8  natural  tangents  and  cotangci 
^Bto  five  places  of  clccimals  for  every  minute  of  the  quadranl 
^VX}orrccliuus  for  fractions  of  a  niinuie  are  made  dircciiy  pro[ 
^V&tnal  to   tlic   diCerence  of  consecutive  values  In  the  talilq 
^Kjiositiva  for  tangents,  negative  for  colangenls. 

^K     Tablb  XXIX. — Contains  natural  versed  sii 
^Knccauts  to  five  places  of  dccimuls  fur  every  minulc   of 
^Kjuadraut.     Corrections  for  fijictions  of  a   minule   are   m 
^BSiructly  pToportJoniil  to  tlio  diRcreuco  of  uonsocutive  yaX\ 
^V^licy  ai'U  positive  in  every  cose. 

■  T.VTiT.R  XXX. — Contains  tlie  number  of  cubic  yards  ( 
H  tdinedln  piismuids  of  vai'ious  side  slopes,  bases,  and  deptJu, 
H;«s  indicated  by  the  lille  and  the  numbers  1.-.  the  flrst  column., 
^KpSach  prianioid  is  aupiKised  to  linve  a  uniform  level  cross  n 
^Ktioa  tliruughoul.  Tlicsc  tables  ore  ehiefiy  useful  In  making 
^pitn-liminary  estimates  from  the  profile,  or  in  other  cases  whi 
^  onlyapproximate  results  are  required.     For  monthly  and  fli 

estimates  more  elaborate  tables  are  required,  such  aa  are  d 

cribed  in  §  257. 

To  make  an  approximate  estimate  of  quautl 

ties  I'ruiii  a  proHle  by  use  of  Table  XXX.— Selccl 

proper  ciilumn  for  base  and  slopes,  and  if  the  outline  i>t  s 

on  the  profile  is  roughly  a  four-sided  figure,  stretch  a  lino  sil 

thread  over  Uie  surface  line  to  average  it,  note  the  depth  tn 

thread  to  grade  line  midway  of  the  cutting,  andmultiplyl 

tabular  number  opposite  this  depth  by  the  aversige  Icnjjlh 

the  cutting  in  stations  of  300  feet.     (Byaverage  length  is  mel 

llic  half  sum  of  the  length  of  the  grade  line  in  the  culling  a 

of  so  much  of  the  surface  line  as  is  covered  by  the  thread.) 

l/ie  area  of  a  eulljng  as  seen  on  the  profile  is  approximati 

triangular,   stretch  an  averaging  Vino   ovet   eac^i  \Ttc\V%ft,  t 

"ore  the  depth   from  the  ii>lcrsect\ott  ol  \.\\est  WaBaXoaji 

"'If' muliiply  ite  tabular  number  oppaavw  ^M*  ^^^^^ 
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half  the  length  of  the  cut  measured  on  the  grade  line  in  sta- 
tions. The  resulting  quantities  will  be  slightly  in  excess  if  the 
ground  is  level  transversely,  but  may  be  too  small  if  the  trans- 
verse slope  is  steep,  and  cutting  on  the  centre  line  is  small. 
In  general  they  furnish  a  good  approximation.  Quantities  in 
embankments  may,  of  course,  be  found  similarly.  A  cut  or 
fill  may  be  divided  on  the  profile  into  several  portions,  and  the 
contents  of  each  portion  found  separately  if  preferred. 

The  content  of  a  prismoid,  level  transversely,  but  having 
different  end  depths,  may  be  found  correctly  by  this  table  thus : 
add  together  the  quantities  opposite  each  end-depth  and  4  times 
the  quantity  opposite  the  half  sum  of  the  depths;  multiply  the 
sum  by  the  length  in  feet,  and  divide  by  600. 

Table  XXXL — Contains  a  variety  of  useful  numbers  and 
formulsB.  The  logarithms  are  here  given  to  seven  places  of 
decimals. 


TABLES. 


uji-E  L-flEOMETBIOAL  PROPOSITIONS. 


la  DaiHet'  Lrgmdrt.  Heviaed  E^tion, 


U  a  triangle  la  right    ' 


IsaseeltH, 
ft  tjfj^fght   line 


tqiiiongulnr. 


L,  XXV.,  Odt.  8.. 

rv.,  XX.... 
L,  xxvn... 


terlor  an^le  la  equal 


I    Tber  are  sii 
proportiot 


I    DC    the    exterior 


L,  XXVI.,  Cor.  : 
.,XXVI[L 

I.,  XXXI. 
in.,  viL 

HI.,  X\1I 

.,  xin..  Cor.  a. 


If  three  polntB  ai 
■aight  Hue, 


U  two    are 

II  s  mdliui  fspur- 
pendleul—  '  - 
cliord. 

IT  n  HtralghC  line  la    1 


The  opf  Kwlte  Hldei4  are  «i|ua1. 
The  <i)jpnelte  onglea  em 
e4|UAt,  it  Is  blEtL-ted  by  Its 
rilagiiDal,  AdiI  llB  diagoniilb' 
blB«t  uoch  other. 

A  circle  nuiy  be  passed 
through  tliem. 

Tbej'  ore  proporttniiat  1o  the 
ciirrrapondljig  ongl™  «t  the 

Tbfs  are  proportionul  to  their 


In&eirm 


tsltfai  onlyu 


iinw\  im*e»,- 


TABLE  L-GEOMETBICAL  PROFOSITIONS. 


2%e  References  are  to  Daviea*  Legendre,  Revised  Edition. 


No. 


17 


18 


19 


ao 


21 


22 


23 


21 


Reference. 


in.,x 


m.,  xvm. 


m.,  XVIIL,Cor.3 


m.,  XXI. 


IV.,XXVIIL,Cor. 


IV.,XXin.,Cor.2 


rv.,  XXIX.,  Cor.. 


IV.,  XXX. 


25 


2G 


IV.,  XIV. 


n^,  XII. 


Hypotheses. 


If  two  lines  are 
parallel  chords 
or  a  tangent  and 
parallel  chord, 

If  an  angle  at  the 
circumference  of 
a  circle  is  sub- 
tended by  the 
same  arc  as  an 
angle  at  the  cen- 
tre, 

If  an  an^lo  is  in- 
scribed in  a  semi- 
circle, 

If  an  angle  is 
formed  by  a  tan- 
gent and  chord. 

If  two  chords  in- 
tersect each  oth- 
er in  a  circle. 


And  if  one  chord  is 
a  diameter,  and 
the  other  per- 
pendicular to  it, 


If  two  secants 
meet  without  the 
circle. 

If  a  secant  and 
tangent  meet. 


If  a  straight  line 
from  the  vertex 
of  a  triangle  bi- 
sects its  base, 


If  a  perpendicular 
be  drawn  fn)m 
the  vertex  of  a 
triangle  to  the 
base, 


CONSECJUENCES. 


They  intercept  equal  arcs  of 
a  circle. 


The  an^Ie  at  the  circumfer- 
ence IS  equal  to  half  the 
angle  at  the  centre. 


It  is  a  right  angle. 


It  is  measured  bv  one  half  of 
the  intercepted  arc. 


The  rectangle  of  the  seg- 
ments of  the  one,  equals  the 
rectangle  of  the  segments 
of  the  other. 

The  rectangle  of  the  seg- 
ments of  the  diameter  Is 
equal  to  the  square  on  half 
the  other  chord,  i.nd  the 
half  chord  is  a  mean  pro- 
portional between  the  seg- 
ments of  the  diameter. 

The  rectangles  of  each  secant 
and  its  exteiiial  segment 
are  equal. 

The  rectangle  of  the  secant 
and  its  external  segment  is 
equal  to  the  square  on  the 
tangent.  And  the  tangent 
is  a  mean  proportional  be- 
tween the  secant  and  its 
external  segment. 

The  sum  of  the  j^quaros  on 
the  two  sides  is  equal  to 
twice  the  square  of  half  the 
base  increased  by  twice  the 
square  of  the  bisecting  line. 


The  square  of  a  side  opposite 
an  acute  angle  is  equal  to 
the  sum  of  the  squares  of 
the  other  side  and  the  base, 

rectaixftX©  ol  V\v<i  XNW.'efc  ^^^^ 

tYie  toot  ol  t\x^  v«^V^^^^^ 
lar. 
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TABLE  n.— TRIGONOMETRIC  FORMULA. 


Trigonometric  Functions. 

Let  A  (Fig.  107)  =  angle  BAG  =  arc  BF,  and  let  the  radius  AF  =  AB  -- 
AH=1. 
We  then  have 


sin  A 
cos  4 
tan^ 
pot  A 
sec  A 
cosec  A 
versin.<i 
covers  A 
exsec  A 
coexsec  A 
chords 
chord  2  A 


BG 

AG 

DF 

HQ 

AD 

AG 

CF=  BE 

BK-HL 

BD 

BG 

BF 

BI=2BC 


In  the  right-angled  triangle  ABC  (Fig.  107) 
Let  AB  -c,AG  =  fo,  and  BC  =  a. 
We  then  have : 


1.  sin  A 

2.  cos  A 

3.  tan^ 

4.  cot  A 


a 
c 

c 
a 
F 

a 
c 

T 


d.    cosec  ^     =     — 

a 


7.  vers  A       = 

8.  ezsec  A    — 


c  -h 
c 

c  -h 
b 


A  .        c  —  a 

9.    covers -4  = 

c 


JA    coexsec  A 


c  —  a 
a 


cos-B 
sin  B 
cotB 
tan£ 
cosec  £ 
eeoB 
covers  B 
coexsec  B 
versinB 
exsec^ 


Fio.  107. 


11.      a  z=  c  sin  A  =  b  tan  A 


12.      &  =  c  cos^  =  a  cot  A 


13.     c  =    - 


a 


sin  ^       cos^ 
14.     a  =  c  cos  J?  =  6  cot  B 


15.  fe  =  c  sin  jB  =  o  tan  B 

16.  c 

17.  a 


a _      b 

cos  B  ~  sin  ^ 


21.  area  = 


V(c  +  bHc'-bi 


la      6  =  V\c-\-a){c^aj 
19.      e  =  v'a3'~+62 


20.      C  =  90»  =  ^-fB 


ab 


ait 


TABLB  n. — TBIOOKOMBTBIO  FOBMUL2B. 


\ 


Solution  or  Oblu^uk  Triangles. 


Fio.  108. 


«. 


22 


23 


25 
26 

27 

28 
29 

80 
81 


orvKN. 


A,B,a 


Af  a,  b 


C,  a,  5 


a,  6,  c 


BOUGHT. 


C,6,c 


ByC,    c 


HU  +  B) 
HU-B) 

A,B 


FOBMULiB. 


C=180°-U  +  ^,        h  = 


sin  ^ 


.8in£, 


c  = 


a 


sin  A 


sin  (-4 +  5) 


,    „     sin  ^    , 
Bin  B  =  — r^ —  .  0, 


a 


c  = 


a 


sin  ^ 
a  —  6 


C=180°-(^+P), 


sin  a 


area 


tan  J^  (^  -  J?)  = 


a  -\-b 


tanJi^U  +  5) 


^  =  ^  a  6  sin  C. 


Let«  =  ^(a  +  6  +  c);sinJ6^  =|/^-*^^*-^^ 


cos^^ 


sin^  = 


_  2V<(g-  g)  (8-6)(g-c) 
6c  ' 


vers  -4  = 


2{H-h){8-  c) 

&c 


\ 


jr=    V»  (S  -  tt)  (,8  —  b^  (,8  —  C> 

a3  sin  B  .  sin  C 


jr= 


SsLn^ 


orvii 


1^ABX«.3r;r-iVl>SIO0IKaraTlU[O  FORlfTTLiB.. 


|»»"     !■■ 


OENS&IL  FORinTLJB. 


85 

86 

87 

88 
80 

I  40 

41 

42 
43 
44 

45 

46 

47 

48 

49 
50 


—   -  •  =  V 1  —  cos*  -4  =  tan  A  cob  ^ 
cosec  JL  Y 


sin^    =    28ia^Acos^A    =    vers  ^  cot  ^^     «* 
sin^    =     V}^yen2A    =     VJi  (1  —  coslTZ) 

COS^    : 


sec  A 


rr    t'  1  —  sin*  ^    =    cot  A  sin  ^ 


cos -4=1  —  vers ^    =    2 cos*  \^A  —  \    =    1—2 sin*  ^  A 
cos^   : 

tan^ 


1  sin  ^ 


cot  A 


cos  ul 


=    V  sec*  A—\ 


tan^ 


=  ./_»__  _  1  =  ill 

y  COB*  A 


—  cos*  ^ 
cos^ 


gtn2^ 
l+cos2^ 


tan^    = 


cot  A    = 


cot  -4    = 


1_—  cos  2  -4 
sin  2^ 


vers 2-4  .      *.,,  ^ 

— r— r-  r      =      ^KCC  A  COt  J^  -4 

sin  2  ^  ^^ 


tan^ 


cos  A 
sin  A 


=     4/  cosec*  A  —  1 


^n2^ 

1  —  cos  2^ 


sin  2^ 
vers  2^ 


1  -f  cos  2  ^ 
^2A 


cot  <4    =    - 


tan^^ 
exsec^ 


vers  ^    =    1  —  cos ^4    =    sin ^ tan }^A    =    2 siu*^ A 


vers  A    =    exsec  A  cos  ^ 


exscc  A    =    sec  -4  —  1    =    tan  A  tan  J^  A 


versA 
"cos  u4 


sin  ^^ 


vers -4 


/I  —  cos  ^  /ver 

=  |/ — i—  =  y— 


sin  2 .4    =    2  sin  ^  cos  A 


/' 


-j-cohA 
~~2 


61        COB  }^  A      : 

COS  2^    =    Scos^A^l    =     cos^A  — Bln^A 


\— Ikitek^A  ^ 
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^CiKiaJI  St»— -nUOOBOIiBTBZO  FCfiUftDIiill. 


Qbnksal  Fobmula 


53.  tan  ^A=i  ^—. -j  =  oosec  .4  —  cot  A  =  — zi,r-:; —  =  V  i—r 

^"         1  +  sec  A  sin  -4  r    1 4- 


—  cos^ 
cos  A 


51  tan  2  A  = 


55.  cot.  H-^  = 


56.  cot  2  4  = 


57.  yeT8^4  = 


1  —  tan«  A 

dnA    __  1-{-cobA 1 

vers  A  "     einA      "  cosec  A  —  cot  A 

cota  A  —  1 
2ix>tA 

Ji  vers  A  1  —  cos  A. 


58.  vers  2  A  ==2  sm>  A 

1  —  COSul 


59.  exsec  %A  = 


60.  exsec  2  ul  = 


(1  +  0084)  +  Vsj  (1  +  cos  4) 
tan^^ 


1  —  tana  ^ 

61.  sin  (4  ±  B)  =  sin  4 .  cos  B  ±  sin  f .  cos  A 

62.  cos  (4  ±  B)  =  cos  A .  cos  ^  7  sin  4 .  sin  £ 

63.  sin  4  4-  sin  J?  =  2  sin  J^  (4  4-  ^)  cos  J^^  (4  —  ^ 
G4.  sin  4  —  sin  J?  =  2  cos  ^  (4  4-  D)  sin  i^  (4  —  J?) 
65.  cos4  4-cosB  =  2cos^(4  4-P)cosJ^(4-^ 
C*.  cos  I?  —  cos  4  =  2  sin  J^  (4  4-  J?)  sin  %  {A  —  B) 

67.  sin*  4  —  sin"  D  =  cos"  J5  — cos*  A  =  sin  U  4-  -B)  sin  (-4  — B) 

68.  COS*  A  —  sin*  B  =  cos  (^  4-  J?)  cos  {A  —  B) 

sin  (A  4-  J?) 


69 


.  tan  A  4-  tan  B  = , ^ 

'  cos  ul .  cos  B 


\ 


I 


70.  tanA  —  tanB=   ^^^^—B) 

cos  A  .  cos  S 


TABLE  nX-CDHVE  POESTUL^ 


.™, 

„..„. 

„„™ 

II,  it 

r 

„«..;..-« 

c 

(7=    3fJH3ii~Jlf) 

£ 

=  =  /-:\ 
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Gauoe,  8  Feet.    Throw,  4  Inches  =  0.888. 
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mm 
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s^ 
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TABLE  XV.-FOR  OBTAINING  BABOMETBIO  HEIGHTS  IN  FEET. 


/ 


Barom- 

eter. 
Inches 

0.00 

0.02 

0.04 

0.06 

=  h. 

26».0 

24029 

24060 

21071 

24092 

.1 

21134 

24155 

24176 

24197 

.2 

24238 

21259 

24280 

^m 

.3 

24342 

24363 

24384 

24401 

.4 

21446 

24466 

24487 

21508 

.5 

21549 

21569 

21590 

21610 

.6 

21tf51 

24672 

21692 

»1718 

.7 

21754 

»1774 

24794 

21815 

.8 

21855 

24876 

24896 

24916 

.9 

21957 

24977 

24997 

25018 

26«.o 

25058 

25078 

2S098 

25118 

.1 

25159 

25179 

25199 

25219 

.2 

25259 

25279 

2S299 

26319 

.3 

25359 

25379 

25399 

25419 

.4 

25458 

25478 

25498 

25518 

.5 

l^>557 

25677 

25597 

25617 

.6 

25()56 

25676 

2S6!)6 

25715 

.7 

25755 

25774 

25794 

25813 

.8 

25853 

2587^2 

25892 

25911 

.9 

25950 

25970 

25989 

26009 

27*0 

20018 

26067 

26086 

26106 

.1 

2G145 

26161 

26183 

26203 

.2 

26241 

2*5260 

26280 

26299 

.3 

26337 

2(5357 

26376 

26395 

.4 

2(M33 

26152 

26472 

26491 

.5 

2(i529 

2(5548 

26567 

26586 

.6 

26(i21 

mm 

26662 

26681 

.7 

2(>719 

2(5788 

26757 

26776 

.8 

26813 

2(5832 

26851 

2irf}70 

.9 

20908 

26926 

26945 

26964 

28».0 

27001 

27020 

27039 

27058 

.1 

27095 

27114 

Si7132 

27151 

.2 

27188 

27^207 

2?225 

27241 

.3 

27281 

2?299 

27318 

27386 

.4 

27373 

27392 

27410 

27429 

.5 
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27502 

27521 

.6 

27557 

27576 

27594 

27612 

.7 

27649 
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27(585 
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.8 

27740 

27758 

27777 

27795 

.9 

27831 

27819 
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27885 
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27940 

27958 

27976 

.1 
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28030 

28048 
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.2 
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28138 
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.3 
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28209 
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.4 
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28317 
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.5 
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.0 
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28494 

28512 

.7 
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.8 
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.9 

2S723 
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.1 
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.2 
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.3 
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29278 
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20G03 

&gC20 

\     siMsn 
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2.0 
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2.0 
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2.0 
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2.0 
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2.0 
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2.0 
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2.0 
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2.0 
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2.0 
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2.0 
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2.0 
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2.0 
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1.9 
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26(505 
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26795 
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1.9 
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^ilW4 

1.8 
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28706 
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TABLE  XVm.— OOKFFICJJUTT  FOB  BSDUdNa  mOLINED  STADIA  "« 
M£ASnBEM£NT8  TO  THB  HOBISSONTALI    |  99L 


a 

0' 

10' 

SO* 

ac 

40^ 

60^ 

0O 

1.000000 

.999992 

.999967 

.999924 

.999665 

.999789 

1 

.999696 

.999586 

.999469 

.999815 

.999154 

.998977 

2 

.998782 

.998571 

.998348 

.998098 

.997836 

.997557 

8 

.997261 

.996949 

.996619 

.996278 

.995810 

.995581 

4 

.995134 

.994721 

.994291 

.998844 

.998881 

.998901 

5 

.992404 

.991891 

.991860 

.990614 

.880250 

.989670 

6 

.989074 

.988461 

.987831 

.967185 

.886522 

.985848 

7 

.985148 

.984436 

.988708 

.982868 

.882808 

.981424 

8 

.980631 

.979821 

.978995 

.978162 

.87/^94 

.976419 

9 

.975528 

.974621 

.973698 

.972759 

.871804 

.970888 

10 

.969346 

.968843 

.967824 

.966790 

.866788 

.904678 

IP 

.963591 

.962494 

.961880 

.960252 

.968107 

.957948 

12 

.9567TT8 

.955581 

.954375 

.958158 

.851816 

.950664 

13 

.949396 

.948113 

.946815 

.»45602 

.844174 

.942881 

14 

.941473 

.940100 

.988711 

.937309 

.886881 

.934459 

15 

.933011 

.931550 

.980073 

.928582 

.927077 

.926657 

16 

.924022 

.922474 

.920911 

.919384 

.817748 

.916187 

17 

.914517 

.912883 

.911286 

.909574 

.007888 

.906809 

18 

.904507 

.902790 

.901060 

.899316 

.887566 

.895787 

19 

.894003 

.892206 

.890885 

.888571 

.886788 

.884888 

20 

.883020 

.881143 

.879254 

.877368 

.875487 

.878510 

21** 

.871569 

.869617 

.867662 

.866674 

.868684 

.861661 

22 

.859667 

.857640 

.865601 

.868660 

.861487 

.849412 

23 

.847326 

.845227 

.848117 

.840986 

.886668 

.886718 

^ 

.834561 

.832394 

.880215 

.828025 

.886825 

.828618 

25 

.821390 

.819156 

.816911 

.814666 

.812880 

.810118 

26 

.807826 

.805529 

.808221 

.800908 

.798676 

.796886 

27 

.793888 

.791529 

.789161 

.786788 

.784886 

.781998 

28 

.779591 

.777175 

.774749 

.772814 

.709670 

.767416 

29 

.764954 

.762483 

.760002 

.767518 

.766015 

.762509 

30 

.749994 

■MA  jnv%tf\ 

.747471 

■Mffcrt  J  VIM 

.744989 

.742889 

.788660 

.737294 

31° 

.734729 

.782157 

.729577 

.790968 

.721896 

.781790 

32 

.719179 

.716561 

.718985 

.711808 

.706662 

.706016 

33 

.708361 

.700700 

.698088 

.686858 

.098677 

.689990 

31 

.687296 

.684595 

.681889 

.679176 

.676467 

.673788 

35 

.671(m 

.668266 

.665524 

.662776 

.660028 

.657264 

36 

.654500 

.651731 

.648967 

.646177 

.648888 

.640604 

37 

.637810 

.686011 

.632206 

.ezsm 

.686666 

.688772 

38 

.620952 

.618127 

.615299 

.618466 

.609680 

.606790 

39 

.603946 

.601099 

.598848 

.685886 

.688587 

.589677 

40 

.586814 

.583948 

.681079 

.578807 

.675882 

.578456 

41° 

.569576 

.566694 

.663810 

.660894 

.868006 

.555145 

42 

.552253 

.549a')9 

.646464 

.648607 

.540668 

.537768 

43 

.534867 

.531964 

.629061 

.686156 

.528251 

.620845 

44 

.517438 

.514530 

.611622 

.606714 

.605805 

.602897 

45 

.499988 

.497079 

.494170 

.481261 

.4tjCKluS 

.485445 

.Q1f\ 


TABLE  SVl.— COKFFICIEHT  or  COKHECTION  FOK 
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TABLE  XX.-LKHOTHB  OF  CmODLAB  ABCS ;  KAOim  -  t 


TABLE  Xn 

—  I-OOARITHM    OF 

OOEFFIOIHKT  TOB    RI!:mOIRS<^^H 

CLINED  BTAlllA  MEASUKEMEKTS  TO 

rHE  HORIZONTAL. 
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mm 
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Kwm) 
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LENGTHS  OF  CmOOLAS  ARCS;  KADIUS  =  1.          ^| 

Bec.      I 

^ngth. 

mn. 

Langth. 

Deg. 

Length. 

Dee- 

Length.    , 
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OOOOMS 

1 

.oooasoa  ' 

.0174638 

61 

.0640906 

1 

■HUNT 

ffi! 
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ooooiM 

.OOlItKH 
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■ 
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.0014M4 
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IM 
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IS 
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to 
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84 
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91 
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sa 
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88 
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!»42477B 
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AU 

nmOTiii 

W 

.0  09WT 

I    .Wiw«  '^■»-*  \*-'^^Bt.~' 

B,- 

m 

/  **  / 

.0  wnB 

1     Ml 

SB 

1     59 

ao  1  .6 

«ffitw  / 

!0145S3 

1     M 

\i,Wf\vrA  \\i»»   \jft^«-~- 



^^^B 
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^B 
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^ 

IN  DECIMALS  OF  A  DEGREE 
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JUAufl 
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3^ 
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5^ 

S 
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~J 
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^ 

'^.'.ti 
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TABLE  XXVn.— NATURAL  SINES  AND  COSINES. 
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Sine   Cosin 


.17865 
.173a3 
.17422 
.17451 
.17479 
.17508 
.17537 
.17505 
.17594 
.17U23 
.17051 

.17080 

.17708 

.17737 

.17700 

.17794 

.17823 

.17852 

.17880 

.17909' 

.17937 

.17960 
.17995 
.18023 
.18052 
.18081 
.18109 
.18138' 
,18100 
18195' 
.182241 

.18252' 

,18281 
,18309 
,18338 
,18307 
,18395 
,18424- 
18452 
,18481 
,18509i 

18538' 
,18507 
,18595 
18024! 
.18052; 
,18081' 
.18710; 
.18r38 
.18707. 
.18795 r 
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2S  ! 
29 

50  I 

31 
32 
33 

ai 
a5 

3ti 
37 
38  ' 
39 
40; 

41  i 

4>3 

43 

44  I 

45  [ 
40  I 

47  1 

48  j 
49' 
50 

51  .18824 
653  .18852 
.53    .188811 


&4 
55 
56 
57 


.18910^ 
18938 
18907 
18995 


58  .190:^ 


5S) 


19052 
,19081 


.98481 
.98470 
.98471 
.98466 
.98401 
.98455 
.98450 
.98U5 

.98435 
.98430 

.98425 

.984201 

.98414 

.98409 

.98404 

. 98399  i; 

.983941 

.98389! 

.98383 

.98;i78,' 

.98373 j 

.983081 

.98302 

.98357 

.98352 

.983471 

.98341! 

.983:30 

.98331 

.98325 

.98320' 

.98315 

.98310. 

.98304! 

.98299' 

.98294 

.98288, 

.98283: 

.98277! 

.98272 

.  98267  j, 

.98201' 

.98250 

.98250 

.98245] 

.98240  i' 

.982^4 

.98229 

.9822:3 

.98218 

.98212 

.98207 

.98201 

.96190 

.98190, 

.98185' 

.98179 

.98174, 

.981681 

.98163; 


IX* 


Sine  I 

.19081' 

.19109 

.19138 

.19107 

.19195; 

.19224 

.19252 

.19281 

.193091 

.19338: 

.193ii0| 

.19395 

.19423 

.194521 

.19481 

.19509 

.19538 

.19500 

.19595 

.19023 

,19052 


Cosin 

.98103 
.98157 
.98152 
.98140 
.98140 
.9Sl;35 
.9.S129 
.98124 
.93118 
.98112 
.98107 

.98101 
.98090 
.98C90 
.98084 
.98079 
.98073 
.98067, 

.asooii 
.mm 

.98050 


12« 


.19080 
.19709 
.19737 
.19700 
.19794 
.19823 
.19851 
.19880 
.19908 
.19937 

.19966 

.19994 

.20022 

.20051 

. 20079 i 

.20108; 

.201301 

.20105 

.20193! 

.20222 

.20250 
.20279 
.20307 


I  Cosin'  Sine  ; 


.20:304 

.20393! 

.20421; 

.204501 
.20478! 
.20507! 

.205a5' 

.2050:3 

.20592 

.20020 

.2«)040 

.200771 

.20700 

.207*4 

.2070:3 

.20791 

Cosin 


.98044 
.98039 
.9S033 
.9.S02r 
.98021 
.98010 
.98010 
.9ciOJ4 
.979^8 
.97932 

.97987 

.97981 

.97975 

.97909 

.97903 

.97958; 

.97a'52 

.97940 

.97940 

.97934 1 

.97928 

.97922 

.97910 

.97910 

.9nKr) 

.97899 

.97893 

.97887; 

.97881 

.97875 

.97809' 

.97803 

.97857 

.978511 

.97845 

.97839 

.97833 

.97827 

.97821 

.97815 

Sine  ' 


Sine  I 

.20791 ' 
1.20820 
.20848 
.20877; 
.20905 
.209331 
.20902: 
.20990' 
.210191 
.21047 
.21076 

.21104 
.21132 
.21101 
.21189 
.21218 
.21240 
.21275 
.21:303 
.21:3:31 
.21300 

.21:388 
.21417 
.21445 
.21474 
.21502 
.215:30 
.21559 
.215Jr 
.21010 
.21044 

.21072 
.21701 
.21729 
.21758 
.21780 
.21814 
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.21950', 
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.22013! 

.22041' 

.22070, 

.22098 1 
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.22155 

.22183; 

.22212 

.22240 
.22208 
.22297 
.22325 
.22353 
.22382 
.22410 
.224:38 
.22407 
.2241M> 

Cosin 


Cosin 

.97815 
.97809 
.97803 
.97797 
.97791 
.97784 
.97778 
.97772 
.97760 
.97700 
.97754 

.97748 
.97742 
.97735 
.97729 
.97723 
.97717 
.97711 
.97705 
.97098 
.97092 

.97686 

.97680 

.97673 

.970t)7 

.97001; 

.97055! 

.971)18 

.97012 

.9703:5 

.97030 

.97023 
.97017 
.97011 
.97004 
.97598 
.97592 
.97585 
.97579 
.97573 
.97500 

.97500 

.97553 

.97547 

.97541 

.97534 

.97528 

.97521 

.97515! 

.97508 

.97502 

.97496 

.97489 

.97483 

.97470 

.97470 

.974(5:3' 

.97457 

.97450 

.97444 

.ft74SYt 

\  Slue 


18« 


Sine  Cosin 


.22495 
.22523 j 
.225521 
.22580 
.22008 
.22037 
.22005 
.22093 
22722 
.22750 
.22778 

.22807 
.228:35 
.22803 
.22892 
.221^20 
.22948 
.22077 
.23005 
.2:3033 
.23002 

.23090 
.23118 
.23140 
.2:3175 


14« 


Sine  Cosin 


79^ 


II 


78* 


77* 


.2;32;3l 
.23200 
.2:3288 
.23310 
.23345 

.23:373 
.2^01 
.2*429 
.2*458 
.2:«80 
.23514 
.23512 
.23571 
.23599 
.23027 

.23050 

.23084 

.2:37121 

.2:3740! 

.2:37001 

.2:3797; 

.2:38251 

.2:385:3 

.2:3882 

.2:3910, 

.23938'. 
.2:3900  . 
.23995  . 
.24023'. 
.240511. 
.!W079'. 
.24108  . 
.241:30;. 
.241(S4\. 


\ 


97437 
97430 
97424 
.97417 
.97411 
.97404 
A)7398! 
.97391 
.973^4 
.97378 
.97371 

.97365 

.97:358  : 

.97351 1 1 

.973451 1 

.97338! 

.97881! 

.97325 

.97318 

.97811 

.97804 

.97298 
.97291 
.9?284 
.97278 
.9?271 
.97264 
.97257 
.97251 
.97244 
.9?287 

.97230 

.97223 

.97217 

.97210 

.97203  j 

.97190  1 

.97189,. 

.97182  i 

.97170' 

.97109 


.24192 
.24220 
.24249 
.24277 
.24305 
.24333 
.24302 
.24390 
.24418 
.24440 
.24474 

.24503 
.24531 
.24559 
.24587 
.24015 
.24044 
.JWe72 
.»4700 
.24728 
.24750 

.24784 
.24813 
.24H41 
.24809 
.»4897 
.24025 


00 
59 

58 


.ffrm 

.97023 
.97015 
.97008.  57 
.970011  56 
.969941  55 
.909871  54 
.90980  53 
.90973  52 
.90900  51 
.90959  50 

.90952;  49 
.909451  48 
.909:371  47 
.909:30:  40 
.90923!  45 
.9<i916;  44 
.90909;  43 
.90902!  42 
.90894!  41 
.908871  40 


.90880 
.90873 
.9680(5 
.iK>858 
.90851 
.90844 


89 
38 
37 
30 
.35 
84 


.249541.90837;  83 
.24982,. 90829;  32 
.250101.90822  81 
.25038  .90815  80 


29 
28 
27 
20 
25 


.97102  I 

.97155! 

.97148 

.97141  : 

.971*4  i 

.97127.1 

.97120  ! 

.97113 

.97100 

.97100 

.97093  I 
.9708(5,1 
.97079' 
.97072 
.97005 
.97058 
97051 , 
97044' 


.26006  .96807 
.25(>94  .90800 
.25122  .90798 
.25151  .90780 
.25179  .90778^ 
.25207  .90771.  24 
. 252:35. 907(>4  23 
.2520:3  .JM5750  22 
.25291  .96749  21 
.25320  .90742;  20 

.25*481. 90734 
.25370  .90727 
.254(M  .90719 
.25432  .90712 
.25400  .90705 
.254«8i.  9(5097 
.  25510  :.900JK) 
.25545  .90082 
.25573  .90075 
.25001. 90007, 

.25029 
.25057 
.25085 
.25713 
.25741 
.257^9 
.257JW 
.25820 


.90000 
.90053 
.90045 
.900:38 
.90030 
.90023 
.90015 
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15 
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10 
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8 
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0 
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TABLE  XXVn.-NATURAL  SINES  AND  COSINES. 


20^ 


Sine   Cosin 


O 
1 
2 
3 
4 
5 
G 
7 
8 
9 
lO 

11 

15J 

13 
14 
15 
10 
17 
18 
19 
211 

21 
22 
23 
24 

25 

2<5 
27 
28 
21) 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
445 
47 
48 
49 
60 

51 
5:3 

53 
54 

55 
5(5 
57 
68 
51) 
(50 


.34202 

.3422»i 

.34257' 

.31284: 

.34311 

.34339; 

.34366 

.34393, 

.344211 

.3U48I 

.34475 

.34503 

.34530 

.34557 

.345^4 

.34612 

.34639 

.34666' 

.34694; 

.34721 

.34748 

1.34775 
.348031 
.34890 
.348571 
.348^U| 
.34912' 
.349391 
.34966 
.34993' 
.350211 


2V 


Sine  Cosin 


22* 


.35048 

.35075 

.35102 

.35130! 

.  35157  i 

.35184 

.352111 

.35239 

.&')26t>! 

.35203 

.35320 

.35347 

.35375' 

.35402; 

.354291 

.a5456! 

.35484 

.35511 

.35538 

.35665 


.93909 

.93959; 

.9394911 

.9ssm  I 

.93929 

.93919  ' 

.93909  : 

.98899! 

.93889 

.93879 

.98869 

.93859 

.93849 

.93839 

.93829 

.93819 

.03809 

.98799; 

.93789 

.93779 

.93769 

.93759 

.937481 

.93738 

.93728 

.93718 

.93708 

.93698 

.93688 

.93677 

.93667 

.9365? 
.936471 
.936371 
.93626; 
.93616 
.9:3606 
93596 
.93585 
.9:3575 
.93565 

.93555 
.93544 
.93534 
.03524 
.93514 
.93503 
.93193 
.9348:3 
.fti472 
.93462 

.93452 
.9:3441 
.93431 
.93420 
.0:3410 
.93400 
.03:389 
.93370 
.93368 
.93358 


.a'>837 

.35864 

.35891 

.35918 

.35045 

.35973 

.36000 

.86027 

.36054 

.36081  . 

.36108 

.36135! 

.86162 

.36190 

.86217! 

.36:^1 

.86271 

.86298 

.86325! 

.86352: 

.86379 


Sine  Cosin 


.36406' 

.36434i 

.86461' 

.86488 

.36515 

.86&I2 

.866(59 

.86596! 

.8662:3' 

.86650 

.86677' 

.36704 

.86731 

.;36758 

.36785 

.36812 

.368:39 

.36867 

.36894 

.36921' 

.36048 

.36975 

.37002 

.37029, 

.87056! 

.87083 

.871101 

.87137 

.371W 

.37191 


LI 


35592 

:i')619 

.35647 

35674 
.a5701 
.357^^8 
.35755 
.35782' 
.35810! 
.358:371 

Cosia  I  Sine  jl  Cosin  j  tiino 
69^ 


.37218 

.87»45 

.37272 

.37299 

.3732J5 

.3735:3 

.37380 

.374071 

.37434! 

.:37461 1 


.93:358 

.93348 

.93837. 

.9:3327 

.0:3316 

.93306 

.03205 

.03285 

.08274 

.0:3264 

.03253 

.03243 
.03232 
.0:3222 
03211 
03201 
,0:3190' 
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10.90934 

.93344 

14.02310 

11 

12 

.89894 

8.89547 

.91032 

10.95060 

.93373 

14.08890 

12 

13 

.809;;23 

8.92389 

.91661 

10.99214 

.93402 

14.15527 

13 

14 

.89952 

8.95248 

.91690 

11.08397 

.93431 

14.22223 

14 

15 

.89981 

8.98123 

.91719 

11.07610 

.93460 

14.28979 

15 

16 

.90010 

9.01015 

.91748 

ll.lia52 

.93489 

14.35795 

16 

17 

.90J39 

9.03923 

.91777 

11.16125 

.93518 

14.42672 

17 

18 

.90068 

9.06849 

.91806 

11.20427 

.93547 

14.49611 

18 

19 

.90097 

9.09792 

.91835 

11.24761 

.93576 

14.56614 

19 

20 

.90126 

9.12752 

.91864 

11.29125 

.93605 

14.03679 

20 

21 

.90155 

9.15730 

.91893 

11.8a521 

.03634 

14.70810 

21 

22 

.90184 

9.18725 

.91922 

11.37948 

.93663 

14.78005 

22 

23 

.90213 

9.21739 

.91951 

11.42408 

.93692 

14.85268 

23   , 

1 

24 

.90242 

9.247r0 

.91980 

11.46900 

.93721 

14.92597 

24   ' 

25 

.90271 

9.27819 

.92009 

11.51424 

.93750 

14.99995 

25 

J 

26 

.90300 

9.80887 

.92038 

11.55982 

.93?r9 

15.07402 

26 

27 

.90329 

9.33973 

.92067 

11.60572 

.93803 

15.14999 

2;., 

28 

.90358 

9. 37077 

.92096 

11.65197 

.93887 

15.22607 

28 

'  1 

29 

.90386 

9.40201 

.92125 

11.69856 

.93866 

15.30287 

29 

80 

.90415 

9.43343 

.92154 

11.74550 

.93895 

15.38041 

30 

81 

.90444 

9.46505 

.92183 

11.79378 

.93934 

15.45869 

81 

82 

.90473 

9.49685 

.92212 

11.84042 

.93953 

15.53772 

32 

83 

.90508 

9.52886 

.92241 

11.88841 

.9a082 

15.61751 

33 

m 

.90531 

9.66106 

.92270 

11.93677 

.94011 

15.69808 

34 

85 

.90560 

9.59346 

.92299 

11.98549 

.94040 

15.77044 

35 

86 

.90589 

9.62605 

.92328 

12.03458 

.94069 

15.80159 

36 

87 

.90618 

9.65885 

.92357 

12.08040 

.94098 

15.94456 

37 

88 

.90647 

9.69186 

.92386 

12.13888 

.94127 

16.02835 

38 

89 

.90676 

9.72507 

.92115 

12.18411 

.04156 

16.11297 

89 

40 

.90705 

9.75849 

.93414 

12.23472 

.94186 

16.19843 

40 

41 

.90734 

9.79312 

.92473 

12.28572 

.94215 

16.28476 

41 

42 

.90763 

9.82596 

.92)02 

12.38712 

.04244 

16.37196 

42 

43 

.90792 

9.86001 

.92331 

12.38891 

.94273 

16.40005 

43 

41 

.90821 

9.89428 

.92500 

12.44112 

.94302 

16.54003 

44 

45 

.90350 

.     9  92877 

.92589 

12.49373 

.94331 

16.0J3803 

45 

4G 

.90379 

9.90348 

.92618 

12.54076 

.94300 

16.72075 

4G 

47 

.90908 

9.99841 

.92617 

12.60021 

.94389 

16.82152 

47 

43 

.90937 

10.03350 

.9^76 

12.65408 

.04418 

10.01424 

4i{ 

49 

.90366 

10.00894 

.92705 

12.70838 

.94447 

17.00704 

40 

60 

.90995 

10.10455 

.92734 

12.70312 

.94476 

17.10202 

50 

61 

.91334 

10.14039 

.92703 

12.81829 

.94505 

17.10830 

51 

bZ 

.0J053 

10.17646 

.92792 

12.87301 

.94534 

17.20501 

52 

&3 

.91082 

10.21277    i 

.92821 

12.92999 

.94503 

17.39274 

53 

64 

.91111 

10.24982 

.92850 

12.98651 

.94592 

17.49153 

64 

65 

.91140 

10.28610 

.92879 
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XXIX. 

-NATURAL  VERSED  SINES  AND 
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■a 
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a 
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m 
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M 
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su 

'^ 
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m 
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B 
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OTBST 
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^BLE  XXX.~CUBIC  YARDS  PER  100  FEET.     SLOPES  H  '-  L 


Base 
12 


Base 
14 


Base 
16 


Base 
18 


45 
93 
142 
193 
^45 
300 
356 
415 
475 
587 

601 

667 

734 

804 

875 

948 

1023 

1100 

1179 

1259 

1342 
1426 
1512 
1600 
1690 
1781 
1875 
1970 
2068 
2167 

2268 
2370 
2475 
2581 
2690 
2800 
2912 
3026 
3142 
3259 

3379 

3500 

3623 

3748 

3875  . 

4604 

4134 

4267 

4401 

4537 

4675 

4815 

4956 

5100 

5245 

5393 

5542 

5693 

5fm 

0000 


53 
107 
163 
222 
282 
844 
406 
474 
542 
611 

682 

756 

831 

907 

986 

1067 

1149 

1233 

1319 

1407 

1497 
1589 
1682 
1778 
1875 
1974 
2075 
2178 
2282 
2389 

2497 
2807 
2719 
2a33 
2949 
3067 
3186 
3307 
3431 
3556 

3682 
3811 
3942 
4074 
4208 
4^44 
4482 
4622 
4764 
4907 

5053 
5200 
5*49 
5500 
5653 
5807 
5964 
6122 
62S2 
6444 


60 
122 
186 
252 
319 
389 
460 
533 
608 
685 

764 
844 
926 
1010 
1096 
1184 
1274 
1366 
1460 
1555 

1653 
1752 
ia53 
1955 
2060 
2166 
2274 
2384 
2496 
2610 

2726 
2844 
2964 
3085 
3208 
3333 
3460 
3589 
8719 
3852 

3986 
4122 
4260 
4400 
4541 
4684 
4830 
4978 
5127 
5278 

5430 

5584 

5741 

5900 

6060 

6222 

6386 

6552 

6719 

0889 


68 
137 
208 
281 
356 
433 
612 
593 
675 
759 

845 
933 
1023 
1115 
1208 
1304 
1401 
1500 
1601 
1704 

1808 
1915 
2023 
2133 
2245 
2359 
2475 
2593 
27;12 
2883 

2956 
8081 
8208 
3337 
3468 
8600 
8734 
3870 
4008 
4148 

4290 
4438 
4579 
4726 
4875 
5026 
5179 
5333 
5490 
5648 

5808 

5970 

6134 

6300 

6468 

6637 

680B 

6%1 

7156 


Base 
22 

82 
167 
253 
841 
431 
522 
616 
711 
808 
907 

1008 
1111 
1216 
1322 
1431 
1541 
1653 
1767 
1882 
2000 

2119 
2241 
2364 
2489 
2616 
2744 
2875 
8007 
8142 
3278 

8416 
855^ 
8697 
8841 
8986 
4133 
4282 
4433 
4586 
4741 

4897 
5056 
5216 
5378 
5542 
5707 
5875 
6044 
6216 
6389 

6564 
6741 
6919 
7100 
7282 
7467 
76EA 

«»\ 


Base 
24 

90 
181 
275 
870 
468 
567 
668 
770 
875 
981 

1090 
1200 
1312 
1426 
1542 
1659 
1779 
1900 
2028 
2148 

2275 
2404 
2584 
2667 
2801 
2987 
8075 
8215 
8856 
8600 

8645 
8793 
8942 
4098 
4246 
4400 
4556 
4715 
4875 
5037 

5201 
5367 
5634 
5704 
5875 
6048 
6223 
6400 
6579 
6759 

6942 
7126 
7312 
7500 
7690 
7881 


Base 
26 


Base 
28 


97 
196 
297 
400 
505 
611 
719 
880 
943 
1056 

1171 
1289 
1408 
1580 
1653 
1778 
1905 
2033 
2164 
2296 

2431 
2567 
2705 
2844 
2986 
8130 
8275 
3422 
3571 
3722 

8875 
4030 
4186 
4844 
4505 
4667 
4831 
4996 
5164 
5333 

5505 
5678 
5853 
6030 
6208 
6889 
6571 
6756 
694S 
7130 

7819 
7511 
7705 
7900 
8097 


105 

211 

819 

480 

542 

.  656 

771 

889 

1008 

1130 

1253 
1378 
1505 
1633 
1764 
1896 
2081 
2167 
2305 
2444 

2586 
2730 
2875 
8023 
3171 
3322 
3475 
8630 
3786 
3944 

4105 
4267 
4431 
4596 
4764 
4933 
5105 
5278 
5453 
5630 

5808 
5989 
6171 
6356 
6542 
6730 
6919 
7111 
7306 
7500 

7697 
7896 
8097 
8300 
8505 


«»V\S. 


^S^SXk 


41»a 


TABLE  XXX— CUBIC  YARDS  PER  100  FEET.     SLOPES  1  :  1, 


'  Depth 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

d 

12 

14 

16 

18 

20 

28 

30 

32 

1 

48 

56 

63 

70 

78 

107 

115 

122 

2 

104 

119 

133 

148 

1G3 

222 

237 

252 

3 

167 

189 

211 

233 

256 

au 

367 

389 

4 

287 

267 

296 

326 

356 

474 

504 

533 

5 

815 

352 

389 

426 

463 

611 

648 

685 

6 

400 

444 

489 

533 

578 

756 

800 

844 

7 

493 

544 

596 

648 

700 

907 

959 

1011 

8 

593 

652 

711 

770 

830 

1067 

1126 

1185 

9 

700 

767 

833 

900 

967 

1233 

1300 

1367 

10 

815 

889 

963 

1037 

nil 

1407 

1481 

1556 

^    11 

937 

1019 

1100 

1181 

1263 

1589 

1670 

1752 

I       12 

1067 

1156 

1244 

1333 

1422 

1778 

1867 

1956 

r  13 

1204 

1300 

1396 

1493 

1589 

1974 

2070 

2167 

'-      14 

1348 

1452 

1556 

1659 

1763 

2178 

2281 

2385 

15 

1500 

1611 

1722 

1833 

1944 

2389 

2500 

2611 

r    16 

1659 

1778 

1896 

2015 

2133 

2607 

2726 

2844 

1   17 

1826 

1952 

2078 

2204 

2330 

2aS3 

2959 

3085 

1   18 

2000 

2133 

2267 

2400 

2533 

3067 

3200 

3338 

1   19 

2181 

2322 

2463 

2604 

2744 

3307 

3448 

3589 

[   20 

2370 

2519 

2667 

2815 

2963 

3566 

3704 

8852 

21 

2567 

2722 

2878 

3033 

3189 

3811 

3967 

4122 

22 

2770 

2933 

3096 

3259 

3422 

4074 

4287 

4444 

28 

2981 

3152 

3322 

3493 

3663 

4344 

4515 

4685 

24 

3200 

3378 

3556 

3733 

3911 

4622 

4800 

4978 

25 

8426 

3611 

3796 

3981 

4167 

4907 

5093 

5278 

26 

8659 

3852 

4044 

4237 

4430 

5200 

5393 

5586 

27 

8900 

4100 

4300 

4500 

4700 

5500 

5700 

5900 

28 

4148 

4356 

4563 

4770 

4978 

5807 

6015 

6222 

■  29 

4404 

4619 

4833 

5048 

5263 

6122 

6337 

6552 

80 

4667 

4889 

5111 

5333 

5556 

6444 

6667 

6889 

81 

4937 

5167 

5396 

5626 

5856 

6774 

7004 

7233 

82 

6215 

5452 

5689 

5926 

6163 

7111 

7348 

7585 

88 

5500 

6744 

5989 

6233 

6478 

7456 

7700 

7944 

84 

5793 

6044 

6296 

6548 

6800 

7807 

8059 

8311 

85 

6093 

6352 

6611 

6870 

7130 

8167 

8426 

8685 

86 

6400 

6667 

6933 

7200 

7467 

8533 

8800 

9067 

87 

6715 

6989 

7263 

7537 

7811 

8907 

9181 

9456 

88 

7037 

7319 

7600 

7881 

8163 

9289 

9570 

9852 

89 

7367 

7656 

7944 

8238 

8522  . 

9678 

9967 

10256 

40 

7704 

8000 

8296 

8593 

8889 

10074 

10370 

10667 

41 

8048 

8352 

8656 

8959 

9263 

10478 

10781 

11085 

42 

8400 

8711 

9022 

9333 

9644 

10889 

11200 

11511 

,   48 

8759 

9078 

9396 

9716 

10033 

11307 

11626 

11944 

44 

9126 

9452 

9778 

10104 

10430 

11738 

12059 

12385 

45 

9500 

9833 

10167 

10500 

10833 

12167 

12500 

12833 

46 

9881 

10222 

10568 

10904 

11244 

12607 

12948 

13289 

47 

10270 

10619 

10967 

11315 

11663 

13056 

13404 

13752 

L   ^ 

10667 

11022 

11378 

11733 

12089 

13511 

13867 

14222 

;   ^ 

11070 

11433 

11796 

12159 

12522 

13974 

14387 

14700 

60 

11481 

11852 

12222 

12593 

12963 

14444 

14815 

15185 

61 

11900 

12278 

12&56 

13033 

13411 

14922 

15300 

15678 

62 

12:326 

12711 

13096 

13481 

13867 

15407 

15793 

16178 

68 

12759 

13152 

18544 

13937 

14330 

15900 

16293 

16685 

64 

13200 

13600 

14000 

14400 

14800 

16400 

16800 

17200 

66 

13648 

14056 

14463 

14870 

15278 

16907 

17315 

17!^ 

66 

14104 

14519 

14933 

15348 

15763 

17422 

^  17837 

,  1825a 

m 

14567 

14989 

15411 

15833 

1625ft 

V\7^^ 

V\^KI 

6B 

16087 

15467    , 

15896 

16326 

16.7Sft 

\  IftATi^. 

\\^^KA 

39      / 

15515 

15952    , 

16389 

16826 

\  Yt^S^ 

\\WV\ 

\  YiA^ 

'  ^      1 

16000    I 

10444  / 

16889 

17333 

\  iTTta 

\\^S« 

5»  \^tf*JR 

495 


1  aBI£  XXX.-GDBIO  TASD8  FEB  100  FEBT.      SLOPES  1^  :  1.      ^M 

Base 

Bat» 

Base 

Base 

Base 

Bkm) 

Buo    ' 

12 

14 

le 

18 

80 

S8 

30 

as 

~M~ 

lai 

~t 

IM 

2^ 

109 

117 

IH 
»6S 

383 

406 

S67 

896 

330 

3!I6 

HS 

BOO 

657 

894 

Bsa 

867 

Bll 

iim 

770 

830 

889 

918 

11B5 

9ir 

983 

lOBU 

1118 

1388 

1460 

1617 

1667 

1741 

11 BI 

1406 

1804 

13!B 

was 

ISOO 

IflflS 

8014 

8133 

1806 

1908 

S3H7 

8383 

8480 

»748 

8133 

2S53 

3370 

3739 

3133 

S 

34W 

i 

W 

mi 

mSb 

W« 

S373 

8556 

8976 
4S96 

4M4 

31 

8383 

KM 

8694 

3860 

400S 

4688 

4783 

4939 

■^ 

4318 

6306 

42e7 

4444 

4flS3 

^ 

S^ 

WOT 

25 

M8a 

4709 

4964 

3139 

5324 

6065 

6300 

3« 
31 

4011 

6489 

6661 

6463 

8837 

raso 

6391 

6806 

6880 

raoi 

30 

8333 

6BB8 

7000 

Tffli 

8111 

8338 

86^ 

6717 

8946 

7636 

7781 

8850 

81W 

9478 

9717 

9968 

7933 

8186 

8689 

8041 

10300 

l(M5a 

K6I 

8080 

9398 

10894 

BSOtt 

gi»17 

0333 

1D933 

g»B3 

10274 

10566 

10B37 

1I9U3 

1SK6 

10183 

mm 

113SD 

18073 

130^ 

18333 

11780 

18078 

3976 

13601 

13894 

14198 

liMW 

1S6(» 

14778 

43 

12188 

aws 

■JfflO 

larii 

3383 

4013 

5310 

I5S44 

16070 

3A83 

4683 

B91J 

16360 

16688 

4141 

4481 

14832 

17207          ■ 

47 

14301 

4700 

60B7 

iMoa 

17843          ■ 

48 

14933 

BSS9 

1S133 

isiao        ■ 

40 

0343 

101106 

6908 

18480 

18783 

19146        !■ 

GO 

6481 

68M 

17283 

17608 

I0«J74 

19816        H 

TOM 

747B 

17BB0 

30491        11 

17383 

18874 

30800 

£1186        ■ 

17961 

]1«31 

31103 

Vim         ■ 

ihmoo 

£8600        ■ 

9066 

33334         ■ 

39911 

;Bai» 

\^^ 

BOWS 

I4!8 

t»an% 

V^'.'KS, 

SISBT 

SH18B 

*asB 

9SW& 

X-am 

^       / 

mm   / 

zam 

SSK» 

mn^ 

\iBm» 

\««w 

eo     j 

8SW7    I 

23111 

£3638 

34am 

\  24444 

\  ^ftSffi 

i    \^l»N 
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■  .m 

X3CX.— t-t»lC   YA»I>B    PKH     100    f  BBT. 


TAULJi:   JLXJL— UUUJWJ    YAKUS   JfJflK   100  JJ'JJiJfiT.       fcJLiUFlliS   3:1. 


J 

Depth 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

1 

d 

12 

14 

16 

18 

20 

28 

80 

32 

1 

56 

63 

70 

78 

85 

115 

122 

180 

— 

2 

133 

148 

163 

178 

193 

252 

267 

381 

■  1 

3 

233 

256 

278 

800 

322 

411 

433 

456 

4 

356 

885 

415 

444 

474 

693 

622 

653 

f 

»■■■ 

5 

500 

537 

574 

611 

648 

796 

833 

870 

%• 

6 

667 

711 

756 

800 

844 

1022 

1067 

1111 

•' 

a56 

907 

959 

1011 

1063 

1270 

1322 

1874 

f 

0 

1067 

1126 

1185 

1244 

1304 

1541 

1600 

1659 

i 

9 

1300 

1367 

1433 

1500 

1567 

1838 

1900 

1967 

10 

1556 

1630 

1704 

1778 

1852 

2148 

2222 

2396 

i' 

n 

1833 

1915 

1996 

2078 

2159 

2485 

2567 

3648 

'' 

u 

2133 

2222 

2311 

2400 

2489 

2844 

2933 

8022 

13 

2456 

2552 

2648 

2744 

2&41 

3226 

8322 

3419 

\ 

14 

2800 

2904 

3007 

8111 

8215 

3630 

8738 

3887 

i 

15 

3167 

3278 

3889 

3500 

8611 

4056 

4167 

4278 

f 

16 

3556 

8674 

3798  • 

8911 

4030 

4504 

4622 

4741 

l 

17 

3967 

4093 

4219 

4344 

4470 

4974 

5100 

6226 

18 

4400 

4533 

4667 

4800 

4933 

5467 

6600 

6738 

19 

4856 

4996 

5137 

5278 

5419 

6981 

6122 

6263 

• 

20 

5333 

5481 

5630 

5778 

5926 

6519 

6667 

6815 

21 

5833 

5989 

6144 

6300 

6456 

7078 

7283 

7889 

22 

6356 

6519 

6C81 

6844 

7007 

7659 

7822 

7985 

* 

23 

6900 

7070 

7241 

7411 

7581 

8263 

8433 

8504 

24 

7467 

7644 

7822 

8000 

8178 

8889 

9067 

9144 

25 

8056 

8241 

8426 

8611 

8796 

9537 

9722 

9807 

( 

26 

8667 

8859 

9052 

9244 

9437 

20207 

10400 

10598 

27 

9300 

9500 

9700 

9900 

10100 

10900 

11100 

11800 

' 

28 

9956 

10163 

10370 

10578 

10785 

11615 

11822 

12030 

29 

10638 

10848 

11063 

11278 

11493 

12352 

12567 

12781 

30 

11333 

11556 

11778 

12000. 

12222 

13111 

13333 

13556 

31 

12056 

12285 

12515 

12744 

12974 

13893 

14122 

14853 

32 

12800 

13087 

13274 

13511 

18748 

14696 

14933 

15170 

33 

13567 

18811 

14056 

14300 

14544 

15522 

15767 

16011 

84 

14356 

14607 

14859 

15111 

15S63 

16370 

16622 

16874 

35 

15167 

15426 

15685 

15944 

16204 

17241 

17500 

17759 

36 

16000 

16267 

16538 

16800 

17067 

18188 

18400 

18667 

87 

16856 

17130 

17404 

17678 

17952 

19048 

19322 

19596 

88 

17733 

18015 

18296 

18578 

18859 

19985 

20267 

20548 

1 

89 

18633 

18922 

19211 

19500 

19789 

20944 

21233 

21623 

1 

40 

19556 

19852 

20148 

20444 

20741 

21926 

22222 

23516 

1 

41 

20500 

20804 

21107 

21411 

21715 

22930 

28288 

28687 

1 

42 

21467 

21778 

22089 

22400 

22711 

23956 

24267 

24578 

■ 

43 

22456 

22774 

23093 

23411 

23730 

25004 

25322 

25641 

J 

44 

23467 

23793 

24119 

24444 

24770 

26074 

26400 

26726 

1 

45 

24500 

24883 

25167 

25500 

35833 

27167 

27500 

27838 

1 

46 

25556 

25896 

26237 

26578 

26919 

28281 

28622 

28963 

1 

47 

26633 

26981 

27330 

27678 

28026 

29419 

29767 

80116 

F 

48 

27783 

28089 

28444 

28800 

29156 

80578 

80988 

31289 

^ 

49 

28850 

29219 

29581 

29944 

80807 

81759 

82122 

82486 

■ 

50 

30000 

80870 

80741 

81111 

81481 

82963 

83838 

83704 

51 

81167 

81544 

81922 

82300 

82678 

84189 

84567 

34944 

52 

32356 

82741 

83126 

83511 

83896 

35437 

85823 

86207 

63 

83567 

33959 

84352 

34744 

85137 

80707 

87100 

87498 

54 

84800 

35200 

a5600 

36000 

36400 

88000 

88400 

88800 

55 

86056 

36463 

36870 

87278 

37686 

89816 

89722 

40180 

, 

56 

37338 

37748 

38163 

88578 

88993 

40652 

41067 

41481 

67 

88688 

89056 

89478 

89900 

40322 

42011 

42438 

42866 

58 

89956 

40385 

40815 

41244 

41674 

48393 

i^^lSiSt 

I  AAasSw 

69 

41300 

41737 

42174 

426A1 

\^i^r«fc 

XfcRISV^ 

i 

/    ^   / 

42667 

43111 

4G556 

44000 

\  ARSSa 

\  ^rovw 

Am 


LADUBi  .aJCXL— USEFUL  KUMBEB8  AND  FOBXUIiA 


Title. 


Ratio  of  circumference  to  diameter. 


Reciprocal  of  same 


Dejsrrees  in  arc  of  length  equal  to  radius. 


Minutes 


Seconds     " 


li         ti         «« 


it 


ti 


(( 


(I 


Length  of  !•  arc,  radius  unity. 


Length  of  1'  arc,      " 


Length  of  1'  arc, 


(I  it 


Radius  by  which  1  foot  of  arc  =  1  degree. 
Radius  *'  "  A  "  "  =  1  minute. 
Radius  "        "      xiir  "        '*      =  10  seconds 

Factors  for  dividing  a  line  into  extreme ) 
and  mean  ratio ) 

Base  of  hyperbolic  logarithms 

Modulus  of  common  system  of  logs.  =  log  £ 

Reciprocal  of  same  =  hyp.  log.  10 

Lengtli  of  seconds  pendulum  at  New  Yorlt 
in  inches 

Length  of  seconds  pendulum  at  New  Yorlt 
in  feet 

Acceleration  due  to  gravity  at  New  York. . . 

Square  root  of  same 

Yards  in  1  metre 

Feet      in  1     "     

Inches  in  1      "     

/Metres  in  1  foot 

/Metres  in  1  yard 

JMetres  in  1  mile 


Symbol. 


7C 

i_ 
It 

It 

loeoy 
It 

648000' 

It 
It 


180» 

Tt 

IGBOO 

Tt 

648000 


M 

J_ 
M 


9 


Kuxnber. 


8.1415027 
0.8189099 

57.286780 

8487.7468 

206264.81 

.01745829 

.00029089 

.000004848 

57.295780 
843.77468 
206.26481 

0.6180340 
0.3819660 

2.7182818 
0.4342045 


Loga- 
rithm. 


0.4971499 
9.5028601 

1.7581226, 

I 

8.5362739: 


I 


5.3144251 

8.2418774 

6.4637261 

4.686S749 

1.758122S 
2.5362739 
2.3144251 

9.7910134 
9.582(»18 

0.4342945 
9.G377W8 


2.3025851  I  0.3G22157 


39.11250      1.5923182 


8.259:38 
32.1088 
5.67175 

1.093623 
3.280869 
89.37043 
0.304797 


0. 5131850 
1.5074347 
0.75371^^ 

O.OS88678 
0.5159889 
1.5951701 
9.4840111 


500 


Title. 

Symbol. 

Number. 

Loga- 
rithm. 

Cubic  inches  in  1  U.  S.  gallon 

231. 

2.3686120 

"          **      **   1  Imoerial  eallon 

277.274 

2.4429092 

"          '♦      ♦'   1  U.  S.  bushel " 

2150.42 
0.133681 

3.3325233 

Cubic  feet  in  1  U.  S.  gallon 

0.1260CG3 

II         41    «(  J  Imperial  gallon 

0.160459 

9.2053655 

"         "    "  1  U.  S.  bushel 

1.244456 

0.0949796 

Weight  of  1  cub.  foot  of  water,  barom.  80  in. 

ther. SO'.Sa  Fah.;  pounds.. 

62.379 

1.7950884 

II       ggo 

62.821 

1.7946349 

Weight  in  grains,  1  cubic  inch,  at  62«  Fah. . 

252.458 

2.4021892 

No.  of  errains  in  1  pound  avoir 

7000. 

8.8450960 

•*       "       "lounce      ♦*    

487.5 

2.6409781 

r    : 

I 

a" 


radius  of  circular  arc ; 
length  of  arc; 
degrees  in  same  arc. 


a"  =  — 


I    180<» 
r 


-     r  =  -- 


7t 
I     180^ 


n 


I  =  a'^T . 


a' 


n 

180« 


Radius  by  which  the  length  of  chord  c  in  feet  =  —  in  minutes; 


r  = 


W''' 


losing' 


Hyp.  log  X  =  com.  log  a?  X  ttj.  ,  or 

com.  log  (hyp.  log  a?)  =  com.  log  (comi.  log  a?)  -f  0.862216?' 
Com.  log  a:  =  3f  X  hyp.  log  x  ;  or 

com.  log  (com.  log  ar)  =  9.6877848  +  com.  log  (hyp.  log  a;) 

Circimiference  of  circle  (radius  =  r) ^icr 

Area  of  circle 1C^ 


Area  of  sector  (length  of  arc  =  V). 
Area  of  sector  (angle  ot  arc  =  a«») . 


HZr 


/ 
Approximate  area  of  segment  (chord  =  c,  mid.  otd.  ^^  wi?^ 


'%K$^ 


TC-^ 


\ 


y^s^ 
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APPENDIX. 


Yeriflcation  of  eq.  (77). 


Eq.(76) 


sin  9  B 

p  = Q  =  sin  0 .  coaec  ^ 

sin  — 

N 


''•^  =  cos  Q  .  cosec—  -  4  -  ^In  0  .  cot  ^  .  cosec  —        (76J: 


=  p(cotQ-lcotJ 


(77) 


Verification  of  eq.  (81). 


Differentiating  eq.  (76i) 


0 
—  sin  0  cosec  -rz 


2  0  0 

—  cos  0  cot  ^  cosec  -^   -f- 


0 


0 


^sin0cot^  -^  cosec-^  -f -^  sin  0  cosec»  ^ 


2/3 

=  -  p  -  -j^  cot  0  .  cot 


0  p   I  B  B  \ 

^  +  l^T(cot»  ^4-cosec.     -) 


I 


4-^-"s 


cot  Q  cot.  -=5  -V  ■;,.-  V4  c«C» 


Now  r  = 


APPENDIX. 


P'  +  ^  d&i    -P    d8* 


in  which  substitute  for  -  ^^  ,  and  for  ,  and  let 


6 


cote-   ^  cot  2^  =-a 


(/3«  +  pH-a)')* 


/o«+V<-«>'  -  p«  (  -  1  -  ;!  cot  0  cot  j^  +  -j^Cacota^  +  l)! 


p  (1  +  a')^ 


1  +  aa+^eote.cot   J-^.cot.   J-^ 


p  (l  +  a«)3 


2 


1  1  0  /  1  6  \ 

t-2^  +  a«+-^  cot  ;^^cot©-    j^cot   .^j 


(1  +  a*) 


I 


2  1  /  1  0  \ 


•.   r=|. ^ («:) 

l-2]y^-acot0 


..* 


